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This  report  describes  the  study  of  a  unique  display  device  and  technology  called 
Detormogrephics  to  determine  its  practical  value  for  the  presentation  of  large 
quantities  (e.g.,  30,000  characters)  of  air  traffic  control  data.  The  report 
covers  the  engineering,  development,  human  factors,  and  test  and  evaluation 
phases  and  provides  the  technical  performance  data  and  applications  concepts. 
Oeformographics  is  a  technology  that  produces  a  high-resolution,  projection, 
storage,  digitally  controlled,  random  access,  up  to  1-meter  diagonal,  lorn  power 
consumption,  monochromatic  or  multicolor  alphanumei ic/graphic  display.  The 
project  determined  the  viability  of  the  technology,  established  the  basis  for 
further  operational  concept  studies,  and  assessed  the  reproduc ibility  of  devices 
end  performance  based  on  the  technology.  The  conclusions  indicate  a  wide  use 
of  the  technology  for  Federal  Aviation  Administration  air  traffic  control 
data  aisd  information  presentation,  an  well  aa  other  similar  applications,  and 
indicate  a  significant  superiority  of  performance  over  ocher  conventional  and 
emerging  display  technologies. 
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PREPACE 


This  technical  report  describee  activitiea  performed  to  deteneine  the 
feasibility  of  applying  a  unique  technology  for  the  presentation  of  large 
quant  it iea  of  information  to  the  viewers,  the  efforts  were  part  of  a  larger 
program  to  assure  the  availability  of  faasible  and  reproducible  displays  for 
the  accomplishment  of  the  federal  Aviation  Administrat ion's  nission  of  air 
traffic  control . 
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TO RAGE  DISPLAY 


FIGURE  1.  DEFi'RMOGRAP«lCS 


INTRODUCTION 


PURPOSE 

This  report  describes  the  development  of  e  unique  display  device  (see 
figure  1)  for  the  preseatetion  of  large  qwatltiee  of  information  to  the 
viewer.  The  report  covers  the  engineering  end  developaent  phene,  the 
operational/huaan  factors  phase,  and  the  test  aad  evaluation  phase,  and 
provides  the  technical  performaiica  data  and  applications  concepts. 

BACKGROUND 

The  Federal  Aviation  Adainistrat ion  (FAA)  la  the  largest  user  of  graphics  and 
tabular  displays  in  the  world,  oust  of  which  are  cathode-ray  tube  (CRT) 
displays  of  real-tine,  dynaaic,  air  traffic  geographic  position  and  flight 
planning  infometion.  Soon  5,000  of  these  displays,  located  in  en  route  air 
route  traffic  control  centers  (ARTCC'e),  terainal  radar  control  facilities, 
airport  tower  cabs,  airport  instruawnt  flight  rules  (IFK)  roowe,  flight 
service  stations  (PSS'a),  and  other  special  service  facilities,  are  the 
electronic  aachinc-to-huaen  link  for  the  flow  of  aaseive  amounts  of  air 
traffic  related  inf  oraet  ion  which  aust  be  interpreted,  aonitored,  and  acted 
upon  by  the  appropriate  specialists. 

The  nonelectric  link  which  supports,  or  is  supported  by,  the  display  in  the 
flighr  strip— a  strip  of  paper  which,  depending  on  the  type  of  facility,  can 
be  a  flight  progress  strip. or  an  arrival  or  departure  strip  which  contains 
typewritten  and  handwritten  inforaation  on  the  subject  aircraft  and  flight. 

The  physical  aoveaent  and  the  handwritten  updatiug  of  these  strips  coaprise 
the  basic  long-tara  mechanism  for  keeping  track  of  the  effect iveneee  of  the 
voice  coaaands  and  the  accuracy  of  the  planned  flight  schedule. 

The  use  of  paper  flight  stripe  has  resulted  in  the  evolution  of  procedures, 
techniques,  resource  commitments,  and  logistic  probleae  that  have  not 
peraitted  the  full  utilisation  of  trained  personnel,  have  resulted  in  systea 
performance  limitations,  and  have  iapeded  the  application  of  other  huaan- 
aachine  technology  iaproveasnts  in  the  operating  facilities. 

A  joint  government /H1TR1  Corp.  teaa,  charged  with  the  developaent  of  aore 
efficient  controller  sector  configurations,  has  Indicated  la  aa  FRA  report 
(reference  1)  that: 

MA  aajor  improvement  in  the  productivity  and  efficiency  of  the  ee  route  sector 
may  be  attained  if  the  "D"  (Data)  controller  cm  be  frssd  of  the  aanual 
handling  of  paper  strips.  If  this  is  done,  hie  console  cm  be  redesigned  to 
permit  hie  to  assist  the  "R"  (Radar)  controller  to  a  greater  extent. 

Achieving  this  greater  support  of  the  "I"  controller  would  reduce  the  need 
for  a  "third  am,*  variously  called  a  tracker  er  handoff  assistant,  aqueesod 
between  the  "R"  and  "0"  controllers.  Space  ie  too  tight  for  cMf^rtable 
operations  with  three  persons  in  the  6  feet  provided  by  the  two  3-foot 
consoles.  Also,  it  will  be  noted  that  two  controllers  assisting  the  "1" 
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controller  get  considerably  less  than  twice  as  such  productive  work 
accomplished  as  would  one  assistant  because  of  the  added  coordination.  If  we 
were  dealing  with  a  simple  production  teak  in  which  each  person  could  work 
independently,  the  more  peoole,  the  sure  work  would  be  accomplished.  A 
sector  do«s  not  function  that  way,  however.  Here  we  have  the  k  controller  on 
the  radio-frequency  passing  control  decisions  to  the  pilot.  The  more  persona 
who  have  to  process  that  same  information  or  related  information,  the  more 
the  processing  workload.  Hence,  the  leverage  for  improving  sector  functions 
seems  to  exist  in  the  potential  work-saving  in  handling  flight  progress 
stripe.  If  so  automatic  display  can  be  introduced,  this  manual  labor  can  be 
reduced,  while  a  more  legible  reading  surface  is  provided.  This  is  the  bar.ic 
reason  for  priority  study  of  an  electronic  tabular  display  as  a  replacement 
for  Che  traditional  arrangement  of  flight  data." 

Comparableobaervations  were  made  of  the  Terminal  Radar  Approach  Control 
(TRACON),  tower  cab,  and  FSS  operations.  Although  these  controller  position 
configurations  differ  sosMwhat  from  en  route,  paper  flight  progress  strips 
are  the  primary  aside  for  displaying  flight  plan  and  control  data,  and  the 
preparation  and  updating  of  these  strips  constitutes  a  significant  controller 
workload. 

The  operating  services  of  the  FAA  recognised  that  the  replacement  of  these 
paper  flight  progress  stripe,  associated  strip-printing  devices,  and  related 
procedures  for  use  of  the  data  in  that  form  was  a  necessary  evolution  of  the 
autosMted  air  traffic  control  systems. 

OPERATIONAL  REQUIREMENTS. 

In  early  1973,  under  the  auspices  of  the  Office  of  Engineering  and  Develop¬ 
ment  Subprogram  161-11 L,  the  Data  Entry  end  Display  Technology  Croup 
formulated  Sn  Engineering  Requirement  (EE)  for  an  electronic  tabular  display 
following  an  extensive  survey  of  state-of-the-art  developments  and  future 
research  technologies  in  the  display  field. 

This  ER  was  predicated  upon  (1)  operational  needs  as  could  be  extrapolated 
from  agency  docuawntat ion  relating  to  future  Air  Traffic  Control  (ATC) 
systems  designs  snd  (2)  requirements  as  postulated  by  the  Technology  Group 
and  subsequently  confirmed  by  operating  services  and  Systems  Research  and 
Development  Service  (SRDS)  program  personnel. 

The  combined  iteme  comprised  a  set  of  Operational  Requirements  which  were 
used  to  direct  the  attention,  planning,  coa^erieons,  and  evaluation  by  Cha 
Technology  Croup  of  display  techniques  and  technologies  believed  to  have 
potential,  as  follows: 

Item  1:  The  minimum  usable  display  area  must  be  that  presently  available  on 
x>i  enroute  Manual  frosting  Console  (ilZ"  high  x  32u  wide;  with  a minimum 
character  aiss  of  1/S  inch. 


Consideration*:  Information  to  be  electronical  1 y  displayed — flight  plan  data, 
planning  and  control  inetruct ions ,  meteorological  and  pilot  information — 
would  not  significantly  change  in  content,  format ,  or  quantity  from  that 
presently  displayed  through  use  of  flight  progress  strips,  the  Computer 
Readout  Device,  or  other  ancillary  display  devices.  An  additional  hypothesis 
influencing  the  definition  of  display  sice  was  that  future  ATC  concepts  which 
entailed  computer-generated  advisories  (flow  control,  conflict  detection, 
data  link  pilot  instructions,  etc.)  would  produce  additional  information  for 
the  controllers'  purview.  Therefore,  the  space  presently  allocated  for 
flight  plan  and  control  data  would,  in  the  futurfc,  probably  be  incieased 
rather  than  decreased. 

Item  2:  The  display  should  be  capable  of  coping  with  major  system  failures:  , 

Considerations:  In  event  of  flight  data  processor  failure,  the  last 

displayed  information  must  reatatn  on  the  display  for  at  least  30  minute;*.  In 
event  of  radar  plan  view  display  (PVD)  failure,  the  electronic  tabular 
display  should  have  the  capability  of  functioning  as  a  standby  PVD  in 
add  ition  to  displaying  sufficient  flight  plan  and  control  data  to  maintain 
traffic  control  integrity. 

Item  3:  The  display  should  provide  a  glare-free  presentation  in  a  wide  range 
of  ambient  light  levels  and  condition*. 

Considerations:  Ambient  light  levels  in  field  facilities  range  from  1  foot- 

candle  (fc)  or  less  in  an  route  center*  to  more  than  6,000  fc  (direct 
sunlight)  in  tower  cab*.  Although  the  major  thrust  of  the  effort  described 
herein  is  the  development  of  an  en  route  electronic  tabular  display.  It  would 
be  of  economic  benefit  to  the  agency  if  the  technique  were  applicable  to 
other  traffic  control  function*. 

Item  4:  The  display  should  have  the  capability  of  providing  at  least  two 
distinguishable  color  shades,  a  character  blink  mode,  and  varying  character 
inten* it  y ■ 

Considerations:  Previous  experiments  with  the  application  of  color  to  ATC 
(reference  2)  indicate  a  significant  controller  preference  for  data  color 
coding;  however,  an  economic  benefit  versus  coat' could  not.be  e*  ablished 
when  considering  the  cost  of  the  color  generation  technique  (penetron  Cr.T) 
employed  (reference  2).  Therefore,  a  tabular  display  candidate,  trfiich  can 
provida  "free"  color  would  be  of  considerable  operational  benefit  to  the 
agency.  The  character  blink  and  varying  intensity  is  required  as  an 
"attention**  function  to  permit  more  rapid  controller  identification  of 
modified  or  time-critical  data. 


Item  5:  The  diaolav  should  be  capable  of  interfacing  with  the  En  Route  Model 


Consideration*:  The  electronic  tabular  display  replaces  the  aector  strip 
printer  and  the  computer  readout  device.  When  receiving  initial  or  Modified 
flight  plan  data,  the  display  should  function  aa  a  flight  strip  printer 
without  levying  additional  refresh  requireawnts  upon  the  Central  Computer 
Complex  (CCC)  or  Coeiputer  Display  Channel  (CD C). 

PROJECT  DESCRIPTION 


The  project  efforts  included  the  following  activities: 

1.  ER  Preparation 

2.  Technology  Survey 

3.  Contract  Monitoring,  development  review,  and  approval 

4.  Acceptance  testing  and  acceptance 
3.  Performance  evaluation,  technical 

6.  Postcootract  devslopaast  and  Modification;  test  and  evaluation 

7.  Operational  teating  and  evaluation 

8.  iMpleMentat ion  plan  and  proposals. 


ENGINEERING  REQUIREMENT  PREPARATION. 


Engineering  requtreamnte  were  assembled  and  rganised  into  an  ER  in  early 
1973.  This  ER,  No.  EA3323  (appendix  A),  forwud  the  basis  for  the  Technology 
Survey  scope  and  ultimately  for  the  spec  if icat ion  used  for  procurement . 


TECHNOLOGY  SURVEY. 

A*  a  result  of  evaluation  and  analysis  undertaken  in  the  Technology  Survey  in 
1973/74,  a  Technology  Note  (appendix  ■)  was  formally  published  in  March  1973. 
Based  on  early  drafts  of  the  survey,  the  major  efforts  and  resources  w»’.e 
directed  towards  the  most  promising  technological  approach,  projection 
display  from  a  stored  inage. 

CONTRACT  -EVELOPMEWT. 

A  contract,  DOT-PA- 74-NA-l 103,  June  24,  1974,  was  swarded  to  : nteraational 
Business  Machines  (IBM),  Inc.,  Owego,  New  York.  The  actual  si  stement  of  worL 
as  accepted  in  found  in  appendix  C.  In  brief,  the  contract  colled  for  a 
9-month  program  to  design  a  storage  projection  display  system  baaed  on  an  IBM 
"Deformographic”  storage  tube,  to  package  such  a  system  into  a  government 
furnished  M- 1  (flight  strip  posting)  console,  to  develop  an  interface  to 
permit  the  display  to  be  driven  from  a  Digital  Equipment  Corp  PDP-8i 
computer,  and  to  provide  teat  prograam  and  test  equipment  to  nupport  the 
system.  In  certain  categories  of  performance  related  to  disp  ay  parameters, 
improvements  over  initial  indicated  performance  levete  were  required.  Such 
improvements  were  to  be  achieved  under  close  supervision  and  iiooitorind  by 
PAA  engineers  to  insure  that  thry  were  repeatable  and  measurenble. 


The  technical  ptrfonMBt*  claimed  for  the  Deformographic  Scorit*  Display  Tube 
(DSDT)  as  of  th#  lattar  part  of  1973  resultad  fro*  waaurrwnta  made  at  IBM, 
federal  Systems  Division,  Owe go,  Mew  York  under  an  Office  of  Naval  Research 
contract  Mo.  N0001A-71-0270,  NR  213-103.  The  report  of  theta  contract  which 
provider  extensive  graphs  and  perfonaance  details,  so*e  of  which  were 
verified  by  the  fAA,  "described  the  invest igr.t ion  into  the  feasibility  of 
using  the  DSDT  as  a  real  t lae  annotation  device  for  an  airborne  Moving  asp 
projection  syate*. ...  The  result  a  of  the  investigation  were  favorable. 

Annotation  fro*  tne  DSDT  waa  visible  against  a  background  conaiating  of  a 
A , 300-foot laabert  (ft?  h,  brightness  end  the  reflected  screen  brightness 
fro*  a  10,000-fc  aabient  light.  l’»e  of  the  DSDT  could  extend  the  use  of  the 
asp  projection  surface  for  other  aircraft  display  functions,  thus  cresting  a 
favorable  cost  of  fact iveness  tradeoff  for  th*  additional  equipment." 

(Abstract  of  subject  report) 

The  aajor  areas  of  interest  in  perforaance  iaproveawnt ' were: (a)  line  width 
(resolution),  lb)  brightness  unifomity,  (c)  display  siae/packaging. 

Resolution  was  offered  in  terae  of  11.8  to  13.8  line  pairs  per  millimeter 
(lp/an)  on  th*  storage  tub*  target.  This  was  satiefa:tory  provided  that  it 
cocld  yield  2.3-aillimeter-high  characters  on  a  l.Q-mrter-diemeter  display 
(J00-330  Ip/ inch ,  1/8-inch  characters  on  a  19-inch-diaeater  display) 

■rightness  uniformity  approaching  acceptable  center-to-edg*  variations  found 
m  other  ATC  displays  was  th*  goal.  This  ranged  fro*  23  to  73  percent. 

Th*  initial  projection  effort*  were  directed  to  either  email  displays,  5  to  4 
inches  in  disaster,  or  very  Urge  ones,  48  to  9b  inches.  Tie  contract 
efforts  would  seek  a  display  disaster  range  of  24  to  40  inches,  figure  1  is 
a  photograph  of  the  delivered  De tomographic  Storage  Display  (DSD)  in 
operation  with  flight  atrip  informal  10m  displayed. 


SYSTEM  DCSCRIfTlO* 


for  purposes  ef  completeness,  the  following  section  of  this  report  describee 
th#  tube  ttaelf,  es  well  as  the  optical  svatea  it  is  coupled  with.  An 
understanding  of.  the  two  basic  sleaents  of  th*  display,  naaely  a  near l y- 
conventioael  C1T  and  a  100-year  eld  design  fer  a*  optical  syatea,  is 
essential  to  assessing  the  value  of  the  techeology. 

The  DSDT  is  a  CRT  in  dticlt  tha  phosphor  surface  he*  bee*  replaced  by  a 
fie  ibis  reflective  aenhrene.  A  convent  ions l  CRT  uses  a  phoephot  coating  on 
its  faceplate  to  convert  electron  bean  energy  into  light.  In  the  DSDT ,  the 
electron  keen  control*  a  deformable  mirror  an  that  light  from  an  external 
source  is  selectively  reflected  te  en  otherwise  dork  viewing  ecreen. 

In  no st  other  respect*  the  DSDT  operate*  like  an  ordinary  CRT.  It  use*  e* 
off-the-shelf  electro*  gun ,  a  conventional  deflect  ion  ceil ,  end  operate*  with 


the  km  type  of  deflection  end  video  inputs  ea  e  conventional  CRT.  The  DSDT 
electronics  ere  derived  fro*  standard  display  circuit  nodules. 

LICHT  VALVE. 

Because  of  the  difficulties  of  generating  sufficient  light  fro*  a  phosphor  to 
illuainate  a  large  viewing  screen,  *any  large-screen  display  concepts  are 
based  on  the  use  of  a  light  source  asternal  to  the  CRT.  This  type  of  CRT 
controls  the  light  reaching  the  display  surface,  hut  does  not  generate  any 
light  itself— hence  the  ter*  “light  valve.** 

The  OSD,  the  unit  na*e  for  the  opto-electr ic  syste*  that  contains  ss  its 
"heart**  the  DSOT,  is  a  light  valve  display.  In  comparison  to  other  group 
displsys,  it  is  the  only  display  of  its  type  that  requires  none  of  the 
following  elements:  a  vacuus  puap;  oil  films;  rotating  disks  within  the  CRT 
envelope;  voltages  of  25-49  kilovolts  (kV)  or  aore;  photosensitive  materials; 
a  complex  energy  conversion  mechanism  external  to  the  CRT;  temperature 
control  ovens;  materials  or  components  that  must  be  changed  every  fern  days, 
or  even  hours  of  use. 

The  only  active  element  in  a  DSD  syste*  is  the  reflective  membrane  inside  the 
CRT.  There  are  several  characteristics  of  this  elastic  mirror  that  need  to 
be  emphasised  (see  figure  2). 

s.  The  mirror  consists  of  three  simple  layers.  Starting  from  the  side 
facing  the  electron  gun,  there  is  an  insulating  substrate  about  0.0005-inch 
thick,  then  an  elastic  layer  which  is  about  0.0001-inch  thick,  and  finally,  a 
conductive  reflecting  surface  that  is  only. about  a  millionth  of  an  inch  in 
thickness.  Ho  fluids  or  photoconductors  are  involved. 

b.  The  deformations  of  the  flexible  mirror  surface  are  extremely 
minute;  a  few  millionths  of  en  inch  deep.  Since  this  is  only  about  a 
thousandth  of  the  width  of  the  depression,  it  puts  no  apprecisble  stress  on 
the  metal  layer.  The  mirror  surface  has  been  tested  through  millions  of 
wnte/erase  cycles  with  no  sign  of  met  si  fatigue. 

c.  Since  tlte  mirror  is  sealed  inside  the  CRT,  ic  is  permanently 
protected  fro*  the  effects  of  duet,  moisture,  hsndling,  etc. 

‘  d.  The  DSDT  is  not  sensitive  to  the  tee^ereture,  shock,  and  vibration 
levels  specified  in  NlL-E-5400  and  NIL-E-16400.  No  infrared  or  ultraviolet 
energy  is  used  in  the  operation  of  the  DSD,  nor  does  it.  emit  any  harmful 
radiation. 

e.  The  DSDT  light  valve  is  highly  efficient.  All  the  illumination 
required  to  view  the  22-  by  32-inch  display  under  normal  room  lighting  can  bo 
obtained  from  a  single  1 50 -vet t  xenon  lamp. 
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STORAGE. 


The  DSDT  has  inherent  storage  because  the  back  of  ita  mirror  ia  an  inaulator 
that  at ore »  any  charge  deposited  on  it  by  the  electron  gun.  Images  can  and 
have  been  scored  for  days  without  refreah— even  without  power,  yet  writing 
take*  place  at  norm* 1  CRT  apeeda  and  eraaure  occur  a  in  nil l iaeconda . 

The  phenomena  involved  in  writing  and  eraaure  are  beat  underatood  by 
referring  to  the  recondary  emission  curve  of  the  aubatrate  material 
(figure  11.  What  this  curve  indicatea  ia  that  the  average  number  of 
electrona  chat  leave  the  aurface  (aecondary  emission)  for  every  electron  that 
atnkea  the  aurface  (primary  electrona)  it  a  function  of  the  CRT  eccelerating 
voltage. 


FlCl RE  3.  SECONDARY  EMISSION  CURVE  Of  TARGET 

Tor  voltagee  greater  than  about  A  kV,  the  DSDT  electron  been  builda  up  a 
charge  on  the  back  of  the  mirror  beceuae  theta  are  fewer  eecondary  electrons 
leaving  than  the  primary  electrona  arriving.  These  charged  ereaa  cause  the 
deforest iona  in  the  Mirrored  aurface  uhich  create  the  light-valve  action. 

The  OSOT  ia  normally  operated  at  an  anode  voltage  of  about  10  kV.  Thia  ia  a 
practical  minimum  for  any  high-resolut ion  CRT  because  of  the  phyaica  involved 
in  obtaining  precise  deflection  end  focus  control  over  the  electron  kata. 

At  voltages  around  1.5. to  2  kV,  each  primary  electron  tends  to  knock  Multiple 
secondary  electrona  off  the  eurfec#  as  lent  as  there  is  any  excess  charts 
renaming  at  the  point  of  incidence  of  the  electron.besM.  Thia  a l Iowa 
various  nodes  of  erasure.  The  DSDT'a  evaluated  included  a  flood  erase  gun 
designed  to  cover  the  entire  target  (i.a.,  Mirror)  with  electrons  at  an  eraae 


potential  of  about  2  kV.  At  full  current,  •  flood  gun  can  totally  eraae  the 
entire  screen  in  nill iseconds . 

At  lover  eraae  current*,  the  persistence  of  the  inage  can  be  controlled  over 
a  vide  range.  In  this  case,  erasure  tt'v*  the  fom  of  a  continuous  fading  of 
any  data  written  on  the  tube— much  like  a  long-persistence  phosphor.  Aey 
decay  period,  from  a  fraction  of  a  second  to  many  minutes,  can  be  aelected  by 
controlling  the  amount  of  eraae  current. 

In  applications  where  time  between  data  updates  is  typically  several  seconds 
or  longer,  displayed  information  need  only  be  written  once  each  time  any 
information  is  updated.  It  will  automatically  be  retained  without  refresh 
until  erased  and  rewritten  upon  the  neat  update  of  the  input  data.  Ihere  is 
no  perceptible  decay  in  either  brightness  or  focus  over  a  period  of  several 
minutes.  Furthermore,  no  power  is  required  to  retain  the  image. 

This  means  that  the  displayed  image  will  survive  losses  of  either  input  data 
or  power  without  degradation.  The  only  power  required  to  view  the  image  once 
it  has  been  written  is  the  power  required  by  the  light  source.  It  also  means 
that  the  displayed  image  is  very  constant  and  steady.  There  is  no  flicker, 
jitter,  strobing  or  other  annoying  instability  in  the  displayed  data. 

In  addition  tc  storage,  instant  erasure,  and  controlled  persistence,  there  is 
another  important  erase  feature  of  the  DSOT,  selective  eraae.  By  biasing  the 
auiin  electron  gun,  normally  used  for  writing  data,  to  the  2-kV  erase 
potential,  a  steerable,  focused  erase  beam  beccmms  available.  This  erase 
beam  c.m  be  focused  into  a  spot  s is*  considerably  smaller  than  a  character 
and  car  be  directed  to  any  point  on  the  screen  in  the  same  manner  as  the 
writing  bean.  This  makes  it  possible  to  eraae  a  single  area  or  block  of  data 
without  .iffecting  any  ocher  data  stored  on  the  screen.  Selective  erase  is 
most  advantageous  in  tabular  format*  where  the  data  are  systematically 
arranged  in  words  and/or  nonover lapping  blocks  of  data. 

DISPLAY  SCkEEh  SUE  AhP  OPTICS. 

The  DSD  is  a  projection  display.  The  sis*  of  the  display  area  is  a  function 
only  of  the  focal  length  of  the-  projection  lens  and  the  distance  to  the 
viewing  screen,  both  of  which  are  adjustable.  The  images  generated  from  a 
DSDT  for  various  applicstions  have  ranged  from  3  inches  to  10  feet  diagonal. 
The  only  performance  parameters  that  vary  with  screen  sis*  are  brightness, 
contrast,  and  optical  line  width. 

A  130-watt  xenon  lamp  provides  sufficient  display  brightness  for  a  5- foot 
rear-pro ject ion  screen  to  be  viewed  with  ease  under  normal  conference  room 
ambient  lighting.  The  projection  distance  required  ia  approximately  1.6 
tiaea  the  disaster  of  the  display  ate*.  This  optical  path  caa  ba  foldad 
through  the  us*  of  on*  or  nor*  mirrors  to  aigaif icamtly  reduce  the  apace 
required  behind  a  rear-projection  screen. 
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A  vsry  simple  schlieren  optical  system  is  used  to  convert  DSDT  mirror 
deformations  into  a  visible  image  on  the  screen.  Referring  to  figure  2,  the 
major  elements  of  the  optical  system  are: 

1.  An  initial  condensing  lens  and  input  aperture. 

2.  The  schlieren  lens. 

3.  The  two-piece  projection  lens  with  an  opaque  metal  stop  at  its 
center. 

Light  from  the  aaocm  lamp  la  trimmed  into  a  wall  defined  point  source  by  the 
small  condenser  and  the  input  aperture.  This  point  is  then  isuiged  on  the 
opaque  schlieren  stop  by  the  large  condenser  (the  schlieren  lens).  With  a 
completely  flat  mirror  surface  in  the  DSDT,  all  light  is  blocked  by  the 
opaque  stop,  thus  providing  a  dark  background  on  the  screen. 

Any  deformation  in  the  DSDT's  mirror  deflects  the  light  rays  so  that  they 
bypass  the  schlieren  stop  and  are  focused  onto  the  viewing  screen  by  the 
projection  lens.  The  ismge  appearing  on  the  screen  is  an  exact  replica  of 
the  data  written  on  the  DSDT  mirror. 


ACCEPTANCE  TESTING 


As  part  of  the  contract  for  the  deformographic  display  system,  a  test  plan 
was  prepared  and  approved  by  the  PAA  wnich  was  designed  to  measure  con¬ 
formance  with  the  specification  in  all  the  msesureable  performance  areas  and 
also  to  provide  test  data  which  would  serve  as  a  bench-mark  for  future 
performance  improvements.  Appendix  D  contains  a  copy  of  the  Acceptance  Test 
Plsn  document.  The  test  of  the  DSD  waa  done  twice,  once  at  the  contractor's 
facility,  and  finally  at  the  National  Aviation  Facilities  Experimental  Center 
(NAFEC)  in  the  Co«.t rol ler-Computer  Interface  Laboratory. 

The  test  plsn  defined  the  design  paraawters  to  be  verified  in  the  performance 
of  the  display  system  during  an  acceptance  test  procedure.  In  this  manner, 
the  critical  parameters  and  characteristics  were  agreed  upon  prior  to  any 
determination  of  the  values  to  be  achieved. 

The  acceptance  test  procedure  established  the  procedure  required  to 
demonstrate  proper  performance.  Such  a  procedure  is  included  as  appendix  E 
to  indicate  the  degree  of  detail  and  completeness  prevalent  in  the  testing. 

Certain  critical  parmneter  acceptance  test  results  from  the  first  engineering 
model /prototype  are  listed  *<elov  to  indicate  the  level  of  performance.  These 
results  convey  the  technical,  high  quality  of  the  device;  but  more 
importantly,  the  degree  of  technical  achievement  is  indicative  of  the 
soundness  of  the  opt ical /electronic  technology  applied. 
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a.  Deviation  of  a  projected  reflective  airror  ( non -CRT )  grid  pattern 
froa  a  grid  overlay  at  nioa  points  in  the  horitontal  and  vertical  direction: 
(in  inchea  on  a  22-inch  by  32- inch  screen): 
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0.000 

-0.090 
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1Z  corresponds  to  0.220  or  0.320  inches. 

b.  "Open  Cate"  background  brightness  uniformity,  in  footlaaberts: 
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c.  Deviation  of  a  projected,  CRT-iaage  grid  pattern  froa  a  grid 
overlay  at  nine  points  in  the  horitontal  and  vertical  direction:  (in  inchea 
on  a  22-inch  by  32-inch  screen) 
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BOTTOM  LEFT  BOTTOM  CBltTEB  BOTTOM  BIGHT 

Horizontal  -0.010  -0.005  *0.120 

Vertical  -0.050  *0.025  -0.090 

d.  Largest  1  in*  width  on  a  22-  by  32-inch  screen  (39  inchaa 
diagonal)  •  0.034  inch;  smallest  •  0.021  inch. 

a.  Worat  brightnaaa  Variation  in  a  3-inch  vactor  section: 

Max  •  46  fL  Min  -  22  fL 

Variation  ■  51.252. 

f.  Contract  Ratio  at  tin*  of  taat  measurements  >  44:1. 

g.  Lina  apac ing— worst  caaa  on  diaplay  screen  waa  0.031  inch  with 
worat  caaa  Modulation  of  71.3  percent. 

h.  Storaga  t in*  to  1/3  of  original  brightnaaa— 15  minutes,  to  1/8  of 
original  brightnaaa— 30  ninutaa. 

i.  Rewrite  accuracy  after  an  erasure-less  than  0.010  inch. 

j.  Overwrite  accuracy— lea*  than  0.005  inch. 

Acceptance  taating  wa*  coaiplatad  and  the  unit  accepted  at  NAPEC  in  May  1975, 
with  one  teaiporary  waiver.  The  high-voltage  awitching  power  supply  waa  not 
switching  faat  enough  to  awat  the  apacif icat ion.  The  supply  provided  we*  not 
the  final  deliverable  unit,  and  difficulties  with  delivery  of  an  AMP,  Inc., 
unit  resulted  in  the  waiver,  lh*  proper  unit  waa  subsequently  delivered  in 
June  1975. 

Concurrent  with  PAA  acceptance  of  the  first  unit,  Dr.  Carlo  Broglio,  Staff 
SystesM  Analyst  with  the  Office  of  Systems  Engineering  Management ,  PAA, 
directed  an  official  inquiry  to  the  Controller,  Avionics  Systems,  IBM, 

Pederal  Systems  Division,  concerning  detailed  estimates  of  the  production 
coeta  of  the  DSD  baaed  on  the  firat  unit  technology,  for  application  in 
en  routs  ATC  canter*  to  replace  the  flight  strip  printers  and  paper  strip 
tabular  bays. 

Appendix  P  is  the  complete  response  frost  IBM.  Bxcerpts  of  special  not*  are: 

"...In  the  absence,  of  detailed  specific  definition  of  the  consoles  to  be 
priced,  vs  haws  node  engineering  estisMtee  based  on  the  following 
assuaipt  ions : 

1.  The  consoles  would  be  functionally  identical  to  the  unit  we 
recently  delivered  to  RAFEC  except  that  they  would  interface  with  the  CCC  in 
the  an  rout*  centers  rather  than  the  laboratory  computer  at  MAFEC.  The 
internal  packaging  and  circuit  technology  would  be  completely  redone  to 
pfovid*  maximum  cost  advantage  for  a  large  volume  production  run. 
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2.  The  recurring  and  nonrecurring  coete  ere  bated  on  a  1,000-unit  buy 
with  100  unite  delivered  during  the  second  year  and  25  units  per  month  in  the 
25th  through  60tn  wraths. 

3.  These  estimates  assume  that  the  CCC  provides  Che  display  data  in  s 
format  reasonably  compatible  with  the  DSDT:  i.e.,  more  or  less  in  accordance 
with  the  approach  followed  with  the  NAFEC  unit.  Within  these  ground  rules, 
this  console  would  be  able  to  provide  the  functions  presently  incorporated  in 
the  flight  strip  printer,  the  flight  atrip  posting  console,  and  the  computer 
readout  and  update  display .  In  addition,  this  console  has  the  graphics 
capability  for  the  plan  view  display  (FVD)  with  the  information  being 
periodically  updatad  from  the  CCC  rather  than  refreshed  many  times  a  second 
as  with  the  FVD.  The  display  surface  can  also  be  coned  off  to  present  other 
types  of  data  simultaneously  with  flight  stripe,  such  as  weather,  NOTAHS 
(Notices  to  Airmen)  and  other  tabular  or  graphical  data. 

4.  An  lIM-nodified  CFE  (Government  Furnished  Equipment)  cabinet  was 
assumed.  However,  there  would  not  be  a  major  cost  impact  if  the  cabinet  were 
fabricated  by  UN  rather  than  modifying  a  CFE  structure. 

5.  The  unit  would  be  designed  and  built  to  good  camawrcial  practice 
with  the  2100  seriee  of  specs  as  a  general  guide.  This  seam  type  of  approach 
was  very  successfully  used  on  the  CCC  and  provides  significant  cost 
advantages  without  any  lose  of  reliability  or  performance. 

6.  The  nonrecurring  estimate  does  include  all  the  normal  non¬ 
recurring  design  and  startup  activities  we  thought  would  be  applicable,  such 
as  cooling,  test  equipment,  conversion  on  packaging  and  technology, 
maintainability  and  reliability  analysis,  quality  engineering,  manuals,  and 
other  documentation,  interface  design,  human  factors  analysis,  etc. 

7.  The  recurring  price  estimates  are  also  complete  figures  including, 
in  addition  to  direct  hardware  costs,  testing,  program  management, 
engineering  support  to  manufacturing,  general  and  administrative  expense,  and 
all  other  elements  that  normally  go  into  a  unit  selling  price. 

t.  Two  configurations  have  been  estimated:  a  console  with  a  single 
MUT  and  a  console  with  two  DftDT'e  projecting  on  a  single  viewing  screen.  In 
the  dual -DSDT  unit,  the  CRT;  light  source;  lens  system;  deflection,  video, 
end  erase  circuits;  and  all  associated  power  supplies  have  been  duplicated. 

In  all  ether  respects,  the  two  configurations  are  identical;  i.e:.,  only  one 
set  of  electronics,  power  supplies,  etc.,  have  been  assumed  for  such 
functions  -*  interface,  display  generation,  and  overall  unit  control.  In 
addition,  there  is  very  little  difference  in  the  cabinet,  mirrors,  and  viewing 
screes  whether  one  MOT  or  two  is  aasumsd.  giace  the  second  DSDT  projector 
is  essentially  a  duplicate  bf  the  first,  there  is  no  significant  difference 
in  nonrecurring  costs. 
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On  the  basis  of  these  assumptions,  our  engineering  ••cifutti  arc  aa  follows: 

Single-head  console:  $28,000  each 

Dual-head  console:  $41,000  each 

Nonrecurring  expense:  $4.6  eillion." 

This  proposal  estismte  was  made  prior  to  any  of  the  devc lopownt a  and 
improvements  which  resulted  froa  the  FAA  test  and  evaluation  period  which 
began  in  July  197$.  Developaents  and  experience  with  the  system  enabled  aany 
design  areas  to  be  siaplified,  and  in  soae  cases  allowed  a  reduction  in 
needed  performance  while  still  aeet ing  FAA's  needs.  At  that  tiae,  it 
appeared  that  each  optical  assembly  or  each  electronic  support  assembly  was 
estiaated  at  approximately  $14,000. 


PERFORMANCE  EVALUATION,  TECHNICAL 


Following  installation,  site  acceptance,  and  software  integration  at  NAFEC, 
the  delivered  system  was  subjected  to  a  series  of  tests'  to  determine  its 
limitations,  performance  limits,  and  other  technical  benefits  and 
deficiencies,  strictly  based  on  the  umaodified  delivered  unit.  A  progress 
report  (appendix  C)  describes  the  basic  rssults  at  that  time. 

By  optimising  the  display  for  best  overall  perforsuince  routinely  achievable 
on  the  prototype/engineering  model,  the  following  performance,  with 
evaluation,  was  achieved,  concurrently. 

1.  Brightness  of  alphanumeric  and  vector  infonaation  on  the  22-inch  by 
32-inch  screen  varied  from  24  to  39  fL,  which  was  very  adequate  for 
operational  legibility  in  ambients  at  least  ss  high  as  30  fc.  Because 

of  the  eery  low  reflectivity  of  the  plastic  screen,  these  brightness  ■ 
levels  result  in  extremely  high  contrast  levels.  Since  screen  filtering  is 
not  necessary  to  enhance  contrast,  the  sctusl  brightness  levels  of  the  data 
are,  significantly,  about  the  same  as  those  on  conventional  CRT  displays 
after  passing  through  narrow  band  and/or  neutral  density  filters.  The 
superior  ant iref lect ivify  and  absorption  properties  of  the  etched  plastic 
screen  reduce  the  background  brightness  to  extremely  low  levels,  and  there  is 
no  reflective  layer  equivalent  to  a  white  phosphor. 

2.  Line  widths  over  the  l*ewter  (39-inch)  diagonal  display  surface 
varied  between  0. 73-millimeter  (am)  maximum  to  0.38^m  minimum  (0  029  to 
0.023  inch).  This  corresponds  to  lines  equal  to  approximately  0.06  percent 
of  the  display  diameter,  in  any  direction,  which  is  comparable  to  or  better 
than  existing  performance  from  CRT  displays  (exaa^le,  19. 5-inch-diameter  PVD 
has  0.015-  to  0.020-inch  line  width,  or  0.077  to  0.1  percent). 

3.  Because  of  the  storage  nature  of  this  device,  the  line-to-line 
spacing  is  as  important  aa  the  line  width.  For  parallel  vectors,  the  worst 
case  center-to-center  spacing  was  0.84  mm  (0.033  inch).  Mtile  the  best  case 


vu  about  two  thirds  of  that,  tha  results  indicat ad  an  affective  worst  case 
optical  reaolution  of  1,182  lines  per  diameter.  For  the  22-  by  32-inct* 
display,  this  corresponds  to  687  by  970  lines  of  resolution,  an  inpreusive 
figure  considering  the  real  display  site. 

4.  The  sari  lest  usable  character  block  on  the  22-  by  32-inch  display 
was  0.142  inch  high  by  0.107  inch  wide.  Since  a  ainiaua  of  20  percent  is 
included  in  each  diaenaion  for  space,  this  results  diaensionally  in  a  0.125- 
by  0.07-inch  character,  corresponding  to  0.645  percent  of  total  display  site 
vertically  and  0.33  percent  hor isontally,  regardless  of  final  display  site. 

In  practice,  the  aaallest  usable  character  readable  over  the  whole  screen  was 
1/8-inch  high,  bo t toe  centerline  to  top  centerline,  actually, closer  to  5/32's 
of  an  inch.  By  actual  test,  at  least  33,000  readable  characters  could  be 
placed  on  the  screen,  and,  while  the  diagonal  diaenaion  corresponds  to  the 
diagonal  of  the  useful  storage  target,  the  total  area  used  is  only  60  percent 
of  the  useful  target  surface. 

5.  The  aeasured  contrast  ratios  with  30- fc  aabient  light  on  the  screen 
varied  over  the.  screen,  with  alphanusaric  data,  froa  a  worst  case  of  25:1  to 
a  best  case  of  39:1.  Since  brightness  increases  with  the  square  of  the 
display  diagonal  reduction,  a  display  of  1/2  the  diagonal,  19.5  inches,  would 
have  four  tisas  the  brightness,  with  the  list  background  brightness.  Thus, 
contrast  would  be  exceptional  for  smaller  display  sites. 

6.  For  the  set  of  alignaent  conditions  used,  and  with  special  care  in 
test  equipsmnt  calibration,  the  accuracy  of  rewriting  information  was  found 
to  be  better  than  originally  expected.  With  an  erasure  between  the  two 
writing  sequences,  the  typical  positional  variation  was  0.012  inch,  about 
one-half  a  line  width.  Placed  in  perspective  to  the  display,  diagonal,  the 
error  in  placing  a  point  on  a  line,  after  an  erasure  of  the  entire  screen,  is 
approx imately  0.03  percent.  An  unexpected  result  of  rewrite  without  an 
erasure  was  that  positional  accuracy  was  better  than  0.001  inches,  or  0.004 
percent.  This  is  what  would  be  expected  of  a  precision  CRT  yoke  deflection 
system,  but  the  swnner  in  which  charge  on  a  storage  target  would  affect  final 
beam  location  was  not  clear. 

7.  For  a  single  writeup  of  a  pattern,'  as  compared  to  a  grid  overlay, 
the  worst  deviation  occurred  at  the  top  of  the  screen,  ae  expected,  due  to 
tha  off-axis  projection.  This  error  was  0.8  percent  and  was  due  entirely  to 
optical  distortion  resulting  from  the  projection  of  a  flat  surface,  the 
target,  through  a  curved  optical  system.  Since  no  x-y  correction  was  applied 
through  the  deflection  system  to  compensate  for  this  error,  this  is  purely  an 
optical  one  and  entirely  correctable. 

8.  The  optical  magnification  of  the  system  remained  at  a  nominal  13:1, 
39  inches  of  diagonal  final  display  for  3  inches  of  diagonal  target.  This 
was.  a  necessity  to  cos^romise  the  available  tube/target  sise  to  the  desired 
tab  bay  sise.  It  was  subsequently  determined  in  later  tests  (described  in 
this  report)  that  this  magnification  exceeded  the  "high-quality"  optical 
limits  of  the  optics  provided  and  resulted  in  the  line  width  and  resolution 
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limits  achieved.  Hagnif icet tone  of  the  order  of  9*10  times  sigaif leant  ly 
improved  the  objective  and  subjective  quality  of  the  diaplay. 

9.  The  capability  of  fast,  total  screen  eraaure  was  eluaive  throughout 
the  early  tearing  period.  The  aeaaured  tiaea  for  a  full  acreen  of  charactera 
waa  aa  much  aa  l  eecond.  An  extensive  beaa  energy  analyaia  resulted  in 
aodif icationa  to  the  pulae  amplitude*  and  duty  cycle*,  and  the  reault  waa, 
firat,  a  full  erasure  in  200  Billiseconds  (aa),  and  then  finally  in  leaa  than 
100  aa .  Thia  significantly  enhanced  the  appearance  of  the  display,  even 
though  full  (flood)  erase  would  not  normally  be  used  in  an  operational 
systea.  The  information  gained  was  applied  to  the  selective  erase  function. 

10.  The  plastic  acreen  used  on  the  delivered  aystea  had  a  gain  of  ISO 
percent.  A  tradeoff  exists  between  viewing  angle  and  acreen  gain.  The 
initial  desire  to  get  as  auch  brightness  aa  possible  waa  coaproaised, 

•at iafactorily ,  to  achieve  a  auch  wider  viewing  angle.  With  a  unity  gain 
screen,  the  viewing  angle  is  effectively  150°  or  more,  and  the  use  of  the 
display  by  several  people  in  a  sector  configuration  would  be  enhanced.  When 
tested  with  screens  of  270-percent ,  390-percent,  and  even  450-percent  gains, 
considerably  brighter  displays  resulted,  and  the  viewing  angle  was  reduced  to 
aa  little  as  60°,  aa  expected. 

IJ.  With  any  storage  diaplay,  the  writing  rate  becomes  one  of  the 
characteristics  that  is  coaproaised  in  order  to  achieve  better  overall 
performance.  The  ratce  chosen  during  the  design  phase  of  the  contract  ranged 
froa  500  inches  per  second  to  2,000  inches  per  second.  The  use  of  500  inches 
per  second  at  that  point  in  the  evaluation  permitted  sufficient  data  to  be 
written  in  adequately  short  tiae  periods.  Later  in  the  prograa,  through  the 
use  of  novel  tiaing  cycles,  higher  rates  were  used  as  well  as  swltiple 
rewrites  at  2,000  inches  per  second. 

The  most  efficient  and  effective  manner  to  produce  high-quality 
chacacters  was  to  write  one  complete  image  at  the  2,000-inches-per-second 
rat*  at  a  bias  level  above  cutoff  but  below  visual  perception,  iamsiiately 
followed  by  a  repeat  of  the  iaage  at  a  bias'  level  above  cutoff  and  above  the 
visual  level,  but  below  the  level  needed  to  store  the  same  isuge  if  a 
•ingle-v-it*  iaage  were  used.  In  effect,  a  low  drive  followed  by  a  moderate 
drive,  a',  fast  rates,  prbduced  a  swre  superior  iaMge  than  a  high  drive  at  low 
rates. 

12.  The  long-term  stability  of  the  display  system  was  based  on  two 
aspects  of  the  design,  the  mechanical  integrity  of  the  mi  *s,  mounts, 
frame,  screen,  etc.,  and  the  electronic  stability  of  the  o.. .lection  systea, 
power  supplies,  etc.  Over  one  7-day  period,  using  high-accuracy  overlays,  a 
fixed  reference  point  on  the  project  iawge  drifted  less  than  0.001  inches, 
when  console  on-off  power  cycles  and  write-erase  cycles  were  introduced  over 
the  tiae  period.  Character  aise  and  brightness  differences  over  the  tiae 
period  were  iameasurable  using  calibrated  Canma  Scientific,  Inc.  scanning  ■ 
photometers. 
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13  Sixty-four  digital  video  drive  level*  are  available  from  the 
microprocessor  that  control*  the  display  system.  However,  to  the  eye,  six 
•hade*  were  discernible  a*  logarithmic  steps  out  of  approxiaately  32  visible 
video  output*  froa  the  storage  tube.  This  indicates  the  potential  dynaaic 
range,  the  gaaaa,  froa  cutoff  to  saturation. 

14.  Selective  erase  action  involved  the  switching  of  high  voltage  froa 
approxisMtely  10  kV  to  approxiaately  3  kV.  The  variations  in  deflection 
sensitivity  resulting  froa  such  a  change  ere  and  were  able  to  be  coaoensated 
for  to  the  degree  indicated  by  the  erase  and  rewrite  accuracies .  However, 
there  was  no  at  leapt  aade  in  the  first  aodel  to  correct  for  focus  change 
during  erase;  hence,  the  erase  baaa  is  defocuaed  to  approxiaately  0.060  Inches 
(1.5  am).  A  "safe”  area  around  any  one  character,  or  group  of  characters, 

was  found  to  be  about  0.075  inches  (!.9  aa),  or  double  that  figure  between 
adjacent  data  that  could  be  selectively  eraaed. 

15.  Each  tub*  has  a  set  of  characteristics  which  are  established  by 
sunufacturing  processes  and  aaterials.  At  the  srart  of  the  contract  effort, 
storage  t iae  was  determined  : o  be  a  critical  parameter  that  would  signifi¬ 
cantly  affect  aoat  other  pertinent  paraaeters.  The  storage  characteristic 
was  designed  into  the  target  aaterial  to  produce  a  slow  decay  in  iaiage 
brightness  over  a  long  period  of  tiae.  The  initial  specification  was  based 
on  a  30-minute  useful,  readable  life  of  the  data.  This  resulted  in  the 
acceptance  test  results  previously  described,  as  well  as  a  practical,  daily 
verification  that  10-percent  brightness  after  30  minutes  was  about  the  best 
for  the  particular  chemistry  chosen.  It  became  clear,  however,  that  the 
usefulness  of  the  data  after  5  or  10  ainutcs  was  aarginal  for  most  potential 
appl icat ions . 

Furthermore,  a  technique  called  subliminal  refresh  was  developed  in  the 
lab  «diich  permitted  the  rewrite  of  a  complete  display  every  5  to  10  minutes 
at  a  video  level  just  below  visual  perception.  This  action  provided  a 
perpetual  high-quality  display,  and  further  development  of  such  a  refresh 
action  would  reduce  the  effects  of  the  longer  storage  coa^romis*  on 
resolution,  erase,  and  brightness. 

16.  The  sMxinum  time  to  eras*  a  single  character-* ixed  block  of  video, 
excluding  power  supply  switching  times,  was  100  microseconds  (ps).  As 
characters  were  made  smaller  on  the  target,  lesa  time,  was  necessary  to  erase 
due  to  increased  energy  density  in  the  erase  raster;  but  as  a  practical 
figure,  it  takes  as  long  to  erase  a  single  character  as  it  takes  to  wri^e  it 
(worst  case,  100  n»). 

17.  Over  the  months  of  testing  and  evaluation,  the  effects  of  dust, 
smoke,  and  building  vibration  were  observed.  Since  the  image  is  formed  only 
at  the  display  screen,  dust  particles  do  not  defocus  or  swdify  the  shape  of 
the  final  image.  Only  at  the  schlieren  stop  (see  figure  2)  can  dust 
particles  affect  the  coe^osition  of  th<*  Fourier  optical  sum  that  produce*  the 
image.  But  the  seroeth  order  light  is  blocked  by  a  "particle"  almost  1/- 
inch  in  diasMter—the  stop  itself.  Hence,  dust  cannot  affect  the  opacity  of 


the  stop  anymore,  iiw“.>  it  is  already  impervious  to  light.  On  :he  mirrors, 
the  effect  of  dust  is  to  reduce  light  output,  but  no  meaaureable  differences 
were  recorded. 

Vibrations  from  an  air-handlicg  ventilator  30  feet  away  could  be 
measured  as  0. 001-inch  wobulations  of  the  data,  insignificantly  small.  A 
sharp  knock  on  the  console  would  cause  a  vibration  of  the  image  due  to  mirror 
movement ,  but  the  damping  inherent  in  the  mirror  mesa  resulted  in  image 
damping  of  0.5  seconds  or  less. 

18.  A  capability  for  a  limited  number  of  colors,  digitally  selected, 
for  displayed  data,  was  studied  and  demonstrated.  By  the  uae  of  very  simple 
composite  color  filters  placed  concentric  with  the  schlieren  atop,  several 
modes  of  practical  color  generation  were  analysed,  and  the  application  of 
such  color  capability,  produced  at  such  a  low  cost,  was  investigated. 

Figure  4  show*  cluseups  of  flight  strip  data  with  different  colors  as  field 
backgrounds,  as  well  as  a  monochromatic  version.  The  colors  were  digitally 
changeable  between  red,  green,  yellow,  blue,  and,  trivially,  black.  The 
smaller  characters  ,n  the  figure  are  approximately  4.75  mm  (3/16  inch)  high. 
The  color  capability  was  established  but  not  pursued  any  further  at  the  time. 


DEVELOPMENTAL.  PERFORMANCE ,  MODIFIED 


Three  areas  of  modification  were  considered  during  the  performance  testing 
phase;  two  were  related  to  improved,  display  parameter  performance,  and  the 
third  was  concerned  with  the  enhancement  of  the  operational  use  of  the 
display  as  an  interactive  data  terminal. 

1.  Dynamic  focue  was  achieved  in  the  delivered  DSD  by  a  multiaone 
discrete  step  focus  circuit  that  provided  for  concentric  diamond -shaped  areas 
centered  about  the  display  center.  This  resulted  in  focus  compromises  that 
were  less  than  satisfactory,  since  it  was  obvious  that  equally  good  focus 
could  be  achieved  everyidiere  on  the  display,  but  not  at  the  same  electrical 
focus  (electrostatic)  value.  A  more  appropriate  circuit  was  developed  which 
utilises  the  X-Y  deflection  position  to  calculate  and  generate  a  waveform 
that  provides  a  true  dynamic  focus  value.  Significant  overall  improvement 
resulted,  and  alignment  ease  was  enhanced. 

2.  As  noted  earlier,  the  smgnif icat ion  originally  choaea  reaulted  in 
an  approximately  1:1  sise  substitute  of  electronic  display  for  paper  flight 
strips.  Character  sise.  nusber  of  rows,  and  characters  per  row  closely 
matched  the  typewriter  printing.  The  ambitious  goal  was  to  display  30,000 
characters,  each  approaimataly  1/B-inch  high,  approximately  130  lines  of  230 
characters,  all  on  a  22-  by  32-inch  display  area.  This  was  achieved,  and  all 
the  characters  were  legible,  but  not  as  crisp  as  printed  type.  The  22-  by 
32-inch  aise  resulted  from  a  1 -meter  diagonal  image  sise  "rectangled"  to  a 
flight  strip  tab  bay  sise.  Aa  the  diagonal  was  reduced  in  aiae,  the 
characters  became  clearer,  crisper,  and  more  defined,  sad  their  mark-space 
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ratio  improved.  The  aval last  diagonal  achieveable  with  tha  unit  aa 
configurad  waa  approximately  22  inches.  While  tha  character a  shrunk  to 
alaoat  1/16  inch,  tha  display  aita  bccesm  IS  by  IS  inches,  all  too  small  for 
practical  viewing  at  24  inchaa.  A  reduced  aisa  of  26-inches  diagonal 
resulted  in  a  satisfactory  display  site,  with  considerable  improvement  in 
clarity.  No  loss  of  legibility  occurred,  and  the  display  was  aore  usable 
than  before.  Due  to  a  smaller  viewing  angle,  the  apparent  brightness 
uniformity  improved.  Also,  as  expected,  any  of  the  optically  induced 
nonlinear  it ies  ware  reduced  when  the  magnification  was  reduced. 

This  site  was  very  compatible  with  tower  cab  display  consoles,  and 
provided  ee^wiragement  for  applications  in  this  area,  brightness  increased 
by  the  square  of  the  site  reduction;  hence,  tha  67-percent  site  change  caused 
more  than  twice  sa  such  image  brightness. 

An  analysis  of  the  cause  of  tha  character  clarity  improvement  indicated 
that  the  optical  system  for  projection  waa  exceeding  its  limits  of  resolution 
with  the  13  times  magnification. 

3.  The  use  of  ouch  a  large  amount  of  display  information,  as  is 
capable  through  the  Oefo  nongraphic  a  display,  depends  on  data  entry  te'.hni-ues 
that  are  simple,  reliable,  and,  aa  far  as  the  FAA  is  concerned,  amenable  to 
aTC  operat ions . 

The  display  screen  of  the  DSD  is  large  enough  to  be  considered  as  a 
fingertouch  input  device  to  be  used  to  select  a  character,  or  a  group  of 
characters,  or  a  position  on  the  screen,  and  to  make  entries  to  a  computer  in 
this  manner.  Since  the  screen  is  plastic,  it  is  safe  to  push  on,  and  the 
etched  surface  ia  unaffected  by  finger  prints;  hence,  it  is  very  compatible 
with  a  finger-touch  entry  concept. 

The  development  of  such  a  system  is  not  part  of  this  report,  but  mention 
is  made  at  this  point  because  of  the  additional  advantages  of  a  touch  input 
system  coupled  to  a  large-area,  high-resolution  display.  The  large  screen 
permits  spreading  out  of  information  on  the  display,  dedicating  the  use  of 
screen  areas  to  menu  selection  lists  providing  prograautble  key  cap  legends 
for  keyboard  replication  and  mixing  graphics  data,  tabular  data,  and 
fixed-image  microfilm  images. 

Finger-touch  input  circuitry  experimeatation  utilising  hardware  matrix, 
electroacoustic  and  infrared  optical  have  been  designed  and  incorporated  into 
the  display  console  (see  figure  3).  A  report  has  beam  written  (reference  3), 
which  describes  the  operational  testing  aspects . 

The  enhancement  of  the  DAD,  because  of  ice  inherent  compatibility  to  certain 
finger-touch  input  systems,  especially  in  high  ambient  illumination,  was 
demonstrated  during  this  phase  of  the  project  and  established  as  fact. 
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IMPLEMENTATION  PROPOSALS,  SECTOR  STUDY 


The  achieved  ti  chnical  performance  of  Che  DSD,  coupled  with  the  interest 
•horn  by  all  of  tha  people  who  used  the  DSD  in  simulations  of  certain  ATC 
tasks,  provided  an  impetus  to  the  DSD  manufacturer,  ISM  Corporation,  to 
consider  a  unicue  second  step  in  the  determination  of  the  applicability  of 
projection  displays  and  the  Deformographics  in  particular. 

In  conjunction  with  their  own  ATC -ex per ienced  personnel,  and  with  their  own 
highly  experienced  and  knowledgeable  Rational  Airspace  System  (HAS)  CCC 
engineers  and  systems  analysts,  they  prepared  a  technical  document  describing 
a  systems  approach  to  replacing  the  flight  strip  printers  and  tab  bays  with 
electronic  displays.  They  described  how  the  NAS  system  already  contained 
most  of  the  hardware  elements  to  accomplish  the  interface  between  the  DSD  and 
the  CCC.  The  use  of  the  microprocessor  in  the  DSD  as  an  emulator  permitted 
the  DSD  to  function  and  use  the  flight  strip  printer  input  data  directly.  As 
far  aa  the  CCC  was  concerned,  it  waa  talking  to  a  printer.  A  summary  of  this 
proposal,  written  in  1976,  ia  included  in  appendix  H.  It  is  very  similar  to 
the  results  expected  from  aa  ER  for  Electronic  Tabular  Display  (B-TABS).  A 
contract  to  procure  such  an  E-TABS  system  waa  to  have  been  released  by  the 
beginning  of  calendar  year  1979. 

The  significant  difference  between  the  original  1976  proposal  and  the 
expected  results  from  tha  1979  contract  ia  that  the  1976  IBM  proposal 
provided  for  a  simulation  capability  to  determine  the  tabular  data 
requirements  for  an  en  route  sector  without  imposing  hardware  limitations 
(display  sise,  data  format,  etc.),  without  making  assumptions  about  the 
sector  requirements  that  would  impair  the  objectivity  end  flexibility 
necessary  to  find  out,  in  the  first  place,  the  role  of  such  an  electronic 
data  system,  without  limiting  the  scope  of  operational  investigations  and 
evaluations,  and  without  committing  large  sums  oi  money  to  unproven  systems 
concepts. 

At  such  a  critical  point  ia  the  fulfilling  of  the  long-term  goals  of  ATC 
systems  development  programs,  such  Sn  installation  at  the  NAB  System  Support 
Facility  at  NAFEC  was  designed  to: 

1.  "allow  the  direct  evaluation  of  a  very  important  new  display 
technology,"  and 

2.  "be  am  unusually  powerful  display  evaluation  tool  for  uaa  ia  a  wide 
range  of  future  concept  development  programs"  (excerpt  from  suanary). 

The  proposal  waa  not  acted  upon,  sad  the  E-TABS  contract  effort  waa  postponed 
until  1979. 
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DEVELOPMENTAL  PERFORMANCE,  CONCEPTS 


Two  entirely  new  concepts  in  display  use  and  maintenance,  continuous  area 
display  and  noninterfering  maintenance,  emerged  from  the  study  and  evaluation 
of  Deformographics ,  aoth  of  which  apply  to  projection  displays  of  most  types. 
They  clearly  indicate  the  potential  for  projection  displays,  in  general,  and 
were  expanded  upon  only  to  the  extent  necessary  to  validate  the  concepts. 

C0NT1N  JUS  AREA  DISPLAY. 

The  projection  of  coaplete  area  iaages  alongside  each  other  so  es  to  produce 
a  continuous  display  on  a  continuous  display  screen  is  a  new  concept 
unachievable  by  conventional  display  devices.  The  ability  to  provide  4 
diaplay  surface  perhaps  24  inches  high  and  10  to  20  feet  wide,  or  more,  with 
the  positioning  of  infonaation  anywhere  on  the  large  screen  under  coeiputer 
program  control  opens  up  new  ideas  for  ATC  operations.  A  series  of 
projectors  would  be  the  information  sources,  as  shown  in  figure  6.  The  test 
results  show  that  under  computer  control,  registration  error  between  data  of 
adjacent  image  areas  can  be  less  than  1  percent,  corresponding  to  less  than 
0.3  inch,  hor isontal ly .  In  actual  tests,  linearity  can  be  maximized  at  the 
isMge  area  boundaries  by  computer  algorithm,  and  the  resultant  registration 
was  less  than  0.12)  inch  hor itontal ly . 

From  an  operational  point  of  view,  a  continuous  display  surface  of  relatively 
unlimited  horisontal  dimension,  free  of  betels  or  CRT  mounting  hardware, 
capable  of  displaying  any  type  of  data,  in  any  form  or  format,  at  any 
location  on  the  viewing  surface,  under  software  control,  would  revolutionise 
the  concepts  of  control  sectors,  sector  site,  reconfiguration,  flight  date 
ut ilitelion— in  fact,  entirely  new,  more  effective  and  efficient  concepts  of 
data  utilisation  could  be  applied. 

If.  addition,  this  concept  would  acconaodate  any  future  concept  diich 
generates  information  for  the  controller.  This  would  significantly  reduce 
the  need  for  implementing  discrete  displays  as  new  data~«enerat ing  functions 
ere  introduced  into  NAS. 

NON INTERFERING  MAINTENANCE. 

The  packaging  design  accomplished  and  verified  in  the  DSD  performance 
demonstrated  the  feasibility  of  separating  a  package  called  the  "Need," 
containing  the  electromica,  optica,  and  tube  from  the  diaplay  viewing  screen, 
(see  figure  b).  The  distance,  in  the  case  of  the  original  deliverable,  waa 
approximately  7  feet.  This  permitted  the  "Meads"  to  be  placed  in  an  adjacent 
room  or  service  area  and  to  project  the  image  through  a  window  in  the  wall 
onto  the  display  screen  in  the  operational  area.  All  service  and 
sMintenance,  including  "Meed"  substitution,  would  be  accomplished  outside  of 
the  ATC  area,  and  with  little  or  no  interference  in  the  ATC  operations.  In 
the  case  of  a  tower  cab,  the  room  below  the  cab  would  be  the  location  of  the 
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"Head*,”  and  projection  co  Che  console  display  surface  would  be  through  Che 
floor . 

The  efficiencies  of  this  more  central  and  less  interfering  maintenance 
concept,  including  the  aspect  of  staffing,  are  evident.  (See  letter  dated 
9/17/75,  AKA- l  to  ARD-I,  appendix  I.) 


DSD  CONTINUING  ROLE 


The  DSD  continues  to  play  a  vital  role  in  a  number  of  additional  efforts 
beyond  the  original  program  intent. 

1.  The  ER  used  in  defining  a  specification  for  an  E-TABS  display 
(appendix  A)  was  heavily  based  on  the  known  performance  capability  of  the 
DSD ,  and  on  the  interactive  capability  of  a  touch  input  screen. 

2.  Advanced  Tower  Cab  work  station  design  underway  at  NAFEC  is 
patterned  after  the  consolidated  display  of  information  that  is  inherent  in 
the  projection  concept.  This  effort  is  based  upon  inital  requirements  from  a 
Request  for  KDAE  Effort  9550-1,  No.  AT-100-29  (appendix  J).  Aa  a  baseline 
for  future  performance  capabi l it ies ,  the  DSD  performance  has  opened  the 
limits  of  feasibility  and  firmly  established  display  capabilities  that  have 
not  yet  been  met  by  other  technologies. 

3.  The  ability  to  simulate  most  types  of  analog  and  digital  displays 
(example,  weather  graphics,  figure  7)  has  resulted  in  the  use  of  the  DSD  as 
the  priiae  display  unit  of  the  Controller-Computer  Interface  Laboratory 
(CCIL),  a  recently  established  human  factors  and  technology  development  and 
evaluation  facility  at  NAFEC.  The  DSD  will  enhance  the  lab's  capability  to 
deal  with  ATC  display  problems,  designs,  and  developments  for  many  years 
until  technology  can  catch  up  with  it.  The  CCIL,  in  the'  new  building  under 
construction  at  NAFEC,  is  being  designed  to  take  full  advantage  of  the  DSD 
flexibility. 

4.  The  value  of  projection  display  as  a  serious  approach  to  FAA's  data 
presentation  requirements  has  fina.lly  been  accepted  on  a  working  level  basis 
by  the  agency's  research  and  development  engineers. 

CONCLUSIONS 


Tnis  report  records  the  development,  testing,  and  evaluation  of  a  new  device 
application  of  a  unique  technology.  The  results  of  the  technical  testing 
evidence  the  actual  performance  of  the  first  engineering  model  of  this  new 
technology  in  practical  use.  The  performance  was  not  measured  on  a 
production  model;  however,  it  is  so  exceptional  as  to  encourage  speculation 
on  expected  performance  in  production  units. 
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FIGURE  6.  CONTINUOUS  AREA  (ARRAY)  DISPLAY  AND  NIN INTERFERING 
MAINTENANCE  CONCEPT 


As  is  imrslly  the  csss,  peak  performance  is  maintained  on  developsmntal 
equipment  through  special  stcsntion  by  experienced  developmental  engineers 
end  technicians;  expected  neainai  performance  would  be  some«dtat  less  than 
peak.  The  performance  degradation  with  time  in  the  OSD  was  comparable  to 
that  of  a  high-quality  CRT. 

However,  it  was  very  clear  to  program  personnel  that  minor  improvements  in 
certain  component  and  design  areas  would  significantly  raise  certain 
performance  levels.  In  most  cases,  applying  the  sama  kinds  of 
state-of-the-art  technologies  that  moat  commercial  display  manufacturers 
normally  utilise  is  all  that  would  be  necessary  to  effect  such  performance 
increases  as  600  line  pairs  per  inch  resolution,  10-percent  brightness 
variations,  30-ms  flood  erase,  and  television  writing  rates  of  IS  to  30  ps 
per  target  inch. 

Furthermore,  in  all  the  experiences  of  the  technical  project  personnel  with 
developmsntal  display  devices  and  systems,  no  other  developsmntal  display 
operated  so  consistently,  so  routinely,  with  so  few  ’’gl itches,"  and  with  such 
little  meintenaace  as  did  the  DSD. 

Specifically,  it  is  concluded  from  ell  of  the  program  efforts  end  results 
that: 


1 i  Projection  display  from  a  stored  imago  is  the  best  method  for 
achieving  the  performance  necessary  for  ATC  data  display  in  the  various 
environments  encountered. 

2.  Devices  exist  today  to  provide  the  high-resolution,  storage, 
safety,  color,  brightness,  contrast,  fail-safe  capability,  etc.,  already 
established  ae  necessary  or  very  desirable  for  ATC  purposes. 

3.  The  Deformographics  technology  and  hardware  ere  more  than  adequate 
tor  the  FAA  to  begin  larger  scale  studies  of  the  use  of  such  display 
capabilities  to  ia^rove  and  enhance  the  ATC  data  display/handling  functions. 

4.  The  use  of  an  integrated  touch-input  display  surface  provides 
significant  capabilities  in  large  data  display  systems  and  must  be  evaluated 
further. 

3.  The  concept  of  separating  the  display  support  hardware  from  the 
operational  viewing  screen  areas  in  facilities  is  viable  and  practical  and  is 
a  direct  advantage  of  projection  display  technology.  This  will  cave  apace  in 
the  ATC  operation  areas  end  will  ease  maintenance  considerably. 

6.  The  coocept  of  a  continuous  array  of  projection  displays  to  provide 
a  work  surface  display  that  is  equivalent  to  many  mark  stations  alongside 
each  other  is  viable  and  easily  achievable  using  projection  techniques. 

7.  ,  If  the  Deformographics  were  used  to  replace  the  PVD  and  other 
similar  CRT  displays,  the  following  benefits  ^ould  accrue: 
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a.  The  absence  of  a  large  evacuated  PVD  bottle  would  greatly 
reduce  the  risk  of  injury  from  implosion. 

b.  A  dramatic  reduction  in  power  consumption  would  occur,  and 
thia  would  further  reduce  the  air-conditioning  load  and  capacity  require  for 
cooling  the  equipment,  as  well  aa  lower  the  aabient  noise  levels  from  cooling 
fans  and  air  moving  through  ducts. 

8.  Aa  a  result  of  the  technical  approach  taken  for  the  en  route  flight 
data  tabular  display  development  (E-TABS),  the  PAA  is  not  pursuing  nor  has 
any  plans  to  pursue  the  application  of  Deformographics  and/or  the 
technologies  based  upon  it,  and  haa  not  encouraged  the  advancement  of  this 
technology  for  tabular  and  graphic  display.  Instead  of  tabular  and  graphic 
data,  stored  in  a  fail-safe  mode  of  display,  in  multicolor,  on  a  safe, 
legible,  flexible  display  device,  the  future  en  route  flight  data  display 
system  will  be  limited  to  a  tabular-only,  monochrosMt ic ,  volatile  display. 
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APPENDIX  A 


ENGINEERING  REQUIREMENT, 
ER-3323 


FOt  WORD 


The  purpose  of  this  preliminary  engineering  requirement  In  Co 
provide  e  document  which  will  support  the  Federel  Avl-tion  Adnlni- 
etretlon  (FAA)  In  the  development  of  an  engineering  ^^ulrement 
containing  the  final  requirements  for  the  Deformog'&ale  Storage 
Display  System.  <£■ 

The  FAA  Intends  to  procure  two  versions  of  th*4l'^OTBOCr*P|llc 
Storage  Display  System  from  the  Istemationa’^Kusiness  Machines 
Corporation  (ISM).  One  version  will  be  coo'<£urad  for  an  Ea- Route 
environment,  that  is,  in  the  form  of  a  Rad  and  Manual  Posting 
Console,  Type  H-lA.  The  second  version  <q,.l  be  configured  for  a 
tower  cab.  Both  versions  will  be  used  ^-tha  National  Aviation 
Facilities  Experimental  Center  and  at  fleeted  field  sites  to  aval" 
uate  the  potential  of  such  storage  d  play  systems  for  use  in  the 
National  Airspace  System. 

£ 

This  engineering  requirement  th'^'fore  is  designed  to  be  used  to 
procure  a  specific,  one  of  a  k  development  model  of  a  display 
system  tdilck  utilises  a  Defo*  graphic  Storage  Display  Tube  for 
evaluation  by  the  FAA.  It  A  not  intended  so  a  production  specifi¬ 
cation  to  procure  many  dlrSiy  systems.  Nor  are  the  requirements 
specified  herein  intends’  so  be  the  final  requirements  for  procure¬ 
ment  of  the  development  odel  of  the  storage  display  system.  This 
document  ie  an  interl*  v  .tep,  to  be  followed  by  a  document  contain¬ 
ing  the  final  requirements  for  the  storage  display  system.  Back¬ 
ground  rationale  r'^<lred  to  understand  the  contents  of  this  prelim¬ 
inary  version  of  4  engineering  requirement  is  discussed  in  the 
following  parag^  as. 

e.)  Since  tk  patent  of  the  FAA  is  to  procure  e  specific  system 
for  sv-  nation  purposes,  the  angl peering  requirement  used  for 
the  r  cerement  should  define  performance  requirements  which 
ere  Athin  the  capabilities  of  the  contractor's  system  and  are 
a#  Atone  sa  possible  to  being  within  the  range  of  acceptable 
•  <yfomonco  parameters  for  FAA  display  systems. 


•  >fte  XM  Defemographlc  system  io  still  s  development  item, 

^7*  and  therefore  display  performance  characteristics  arm  difficult 
to  define.  XM  has  supplied  their  estimate  of  achievable 
performance  per  erne  tars,  and  theme  eotlmetoe  are  wood  as  the 
basis  for  this  preliminary  engineering  requirement. 

tinea  in  soma  areas  the  XM  eat lme tea  define  a  display  system 
which  might  bo  unacceptable  for  use  in  the  National  Airspace 
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This  engineering  requirement  establishes  the  preliminary 
requirements  for  cho  das  ten,  davalopmant,  fabrication*  perfor- 
nanca  tea tint,  delivery,  installation,  in tsr facing*  ant  check¬ 
out  of  a  Deformographlc  Storage  Display  System. 

The  intent  of  this  enfineerlnf  requirement  is  to  obtain  display 
sy sterna  from  the  International  Business  Machines  Corporation 
(IBM)  which  utilise  the  De tomographic  Storage  Display  Tube. 
These  display  systems  will  be  used  at  the  Federal  Aviation 
Administration's  (FAA)  Rational  Aviation  Facilities  Experi¬ 
mental  Center  (KAFEC)  to  evaluate  the  potential  of  such 
devices  for  use  in  the  Rational  Airspace  System. 

Since  the  systems  are  to  be  considered  development  ltamo  and 
will  be  used  for  '-valuation  purposes  only*  the  use  of  good 
conmsrcial  standards"  in  the  construction  of  the  equipment, 
documentation  provided*  ate.  is  specified  in  noet  cases,  low* 
ever*  the  doc wants  which  would  apply  to  equipments  selected 
for  use  la  the  Rational  Airspace  System  are  listed  in  Sectlom 
2.'  These  documents  should  be  used  as  a  guide  wherever 
feasible.  System  requirements  are  defined  in  Section  3* 

Quality  assurance  and  delivery  provisions  are  defined  la  Sec¬ 
tions  4  and  3. 


ap:  licalm.c  documents 

The  following  docuitents,  including  oil  parts,  supplements, 
revisions.  and  areujnents,  of  the  i$sueu  spec! Hod,  for*  .1 
port  of  this  engineering  requirement  and  are  up.1lir.1bl*  to  tl.e 
extent  specified  herein. 

2.1 _ FAA  Documents 

FAA-G-2100  Electronic  Equipment,  Ceneral  Requirements, 
including: 

FAA-G-2100/lb  -  Electronic  Equipment,  Ceneral  Requirement;:, 
Part  1,  Basic  Requirements  for  all  Equip¬ 
ments,  dated  10  July  1970. 

FAA-C-2100/ 2a  •  Part  2  -  Requirements  for  Equipments 

Employing  Electron  Tubes,  dated  19  June 
1968. 

.  FAA-G-2100/3*  -  Part  3  -  Requirements  for  Equipments 

Employing  Semiconductor  Devices,  dated 
19  June  1968. 

PAA-C-2100/4b  -  Part  4  -  Requirements  for  Equipments 
Employing  Printed  Uirlng  Techniques, 
dstsd  S  February  1969. 

FAA-C-2 100/5  -  Part  5  -  Requirements  for  Equipments 

Employing  Microelectronics  Devices,  dated 
24  March  1969. 

FAA-C-2100/Suppleaent  4  -  FAA  List  of  Applicable  Docu¬ 
ments  dated  10  July  1970. 

Attachment  to  FAA-G-2100  -  Attachment  X,  Non-Standard 

Part  Approval  Instructions. 

NOTE:  Specifications  FAA-C-2 100/lb,  FAA-G-2100/ 2a, 

PAA-C-2100/3S,  FAA-C-2 100/ 4b,  FAA-2100/5,  FAA-C- 
2100  /Supplement  4,  and  Attachment  to  FAA-G-2100- 
Attachment  X  are  referred  to,  hereafter,  as 
FAA-C-2100. 

FAA-kR-650-003  -  Connections,  Electrical  Solderless 
Vrcpped,  dated  25  September  1970. 
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FAA-D-638h 


•  Instruction  Books,  Blsctronlc  Equlpaent, 
with  Aaoadaa at  I,  dated  13  Deceaber  1968 


FAA-STD-002  -  Fedsral  Aviation  Agency  Standard  for 

Engineering  Drawing*,  with  Anendnent  1, 
dated  6  October  1967. 

FAA-STD-OlOa  -  Graphic  Syabols  for  Digital  Logic  Die* 
grass,  dated  2  February  1970. 

FAA-E-2015C  -  Radar  and  Manual  Posting  Console,  Type 

M-LA,  with  Asa nd sent  1,  dated  7  April 
1970. 


FAA-RD-72-111  -  Evaluation  of  Hlgh-Actlvity  Level  Tower 
Cab,  Final  Report,  dated  October  1972. 

2.2  Military  Document a 


MIL-STD-461a  -  Electromagnetic  Interface  Characteristics 

Raqul resent  for  Equipment  with  Notices  1  and  2, 
dated  20  March  1969. 

2.3  Other  Poctwenta 

laid.  JSLittSfegte 

NBA  60*89  *  Specification  for  Multilayer  Printed  Wiring 

Boards  (Plated  Through  Bole),  dated  15  Koveaber 
1968. 

2.3.2  Dlaltal  Equipment  Corporation  Documents 

MC-8I-HRIA-D  -  PDF-8/ I  Maintenance  Manual,  Volume  1,  dated 
1970. 

F-85  -  Progr— ad  Data  Frocessor-8,  PDF-8,  Oners 

Roadbook,  dated  July  1965. 

2. 3.^3'  WTO  Corporation  Document  a 

MTR-1669,  Rev.  1  -  Evaluation  Procedure  for  a  Cathode-Ray-Tube 
Display  Designed  for  the  NAS  Ea  Routs 
Rystea,  dated  29  March  1971. 
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(Copies  of  this  engineering  requirement*  end  copies  of  the 
applicable  FAA  specifications  and  drawings*  may  be  obtained 
from  Federal  Aviation  Administration*  Washington*  D.C.  20590* 
Attn:  Contracting  Officer.  Requests  should  fully  identify 
material  desired;  i.e.*  specification  numbers*  dates*  amend¬ 
ment  numbers,  complete  drawing  numbers;  also,  requests  should 
identify  the  invitation  for  bids*  request  for  proposals*  or 
the  contract  involved,  or  other  use  to  be  made  of  the  requested 
material.) 

(Single  copies  of  Military  specifications  nay  be  obtainable 
from  Federal  Aviation  Administration,  Washington*  D.C*.  20590, 
Attn:  Contracting  Officer;  mall  requests  should  cite  the 
invitation  for  bids*  request  for  proposals*  or  contract  for 
which  the  specifications  are  needed;  nail  requests,  if  found 
acceptable*  will  be  forwarded  to  a  military  supplyr  depot  for 
filling,  hence  ample  time  should  be  allowed.) 

(Information  on  obtaining  copies  of  Federal  specifications  and 
standards  may  be  obtained  from  General  Services  Admlnlstrstlon 
offices  in  Washington,  D.C.,  Sesttle*  San  Francisco*  Denver* 
Kansas  City*  Missouri,  Atlanta*  Chicago,  New  York,  Boston* 
Dallas,  and  Los  Angeles.) 

(Copies  of  other  publications  referenced  may  be  obtained  from 
Federal  Aviation  Administration*  Washington,  D.C.,  20590* 

Attn:  Contracting  Officer.  Request  should  fully  identify 
msterlal  desired;  i.e.,  publication  numbers,  dates,  etc.,  and 
use  to  be  made  of  the  requested  material.) 

2.*  Frecedence  of  Documents 


When  requirements  of  the  contract,  this  engineering  requirement, 
or  subsidiary  documents  are  in  conflict,  the  following  prece¬ 
dence  shall  apply: 

a)  Contract  -  The  contract  shall  have  precedence  over 
all  other  documents. 

b)  Engineering  Requirement  -  This  engineering  requirement 
shall  have  precedence  over  all  subsidiary  documents 
referenced  herein. 


3.  MOumHnrrs 

3.1  Sunsarv  of  jUt«diU  and  Services  to  be  Furnished 

The  contractor  shall  provide  all  oeeessar y  services  sad 
neterials  to  design,  develop,  fabricate,  test*  deliver,  las tall, 
interface,  aad  check  out  the  equipments  required  bp  this 
engineering  requirement  aad  the  Contract,  aad  shall  supply 
the  aajor  deliverable  items  tabulated  below  la  the  quantities 
aad  at  the  times  required  by  the  Contract.  Any  feature  or 
item  necessary  for  proper  operation  in  accordance  with  the 
requirements  of  the  Contract  shall  be  Incorporated  even  though 
that  item  or  feature  may  not  be  specifically  described  herein. 
Xa  addition,  the  contractor  shall  provide  all  necesaary  ser¬ 
vices  aad  material  to  prepare,  reproduce,  aad  provide  reports 
ami  other  documentation  as  specified  herein. 

The  equipment  shall  accept  the  specified  input  signals  aad 
ehall  operate  la  accordance  with  all  specified  requirements. 

The  contractor  shall  be  responsible  for  the  de tolled  design 
of  the  Interface  between  the  equipment  developed  to  comply 
with  this  engineering  requirement  and  the  equipment  with  which 
it  will  be  Interconnected,  subject  te  the  requirements  com* 
talnsd  herein.  Upon  specific  request  from  the  contractor, 
the  Government  will  furnish  say  technical  information  which 
It  has  or  can  reasonably  obtain,  aad  which  Is  necessary  for 
the  contractor  to  meet  the  Interface  requirements.  The  con¬ 
tractor  shall  coordinate  with  the  Contracting  Officer's  Tech* 
alcal  Representative  and  ether  personnel  (as  designated  by 
the  Contracting  Officer)  its  activities  in  meeting  the  associa¬ 
ted  equipment  Interface  requirements. 

3.1.1  Materials 

iiiriii ..  gsgsatt-aaEtet  saiainte»L 


e.  Re-Route  Console  Equipment 

CD  Pa  forme  grepMc  storage  Display.  Tube 

(2)  Light  sources  aad  Senile tea  optical  system 

(3)  Deflection  drivers,  video  driver,  sad  erase 
control  for  one  tube. 

(A)  A  single  set  of  generator  electronlos  osmsistlng  of 
FSN  inter  taoe,  symbol /char  sc  ter /vector  generators, 
and  associated  control  aad  erase  control  logic.  These 
electronics  shall  be  capable  of  driving  one  or  two  tabes 


(5)  Viewing  screen 

(6)  Power  supplies 

b.  Tower-Ceb  Console  Equipment 

(1)  Tower-Cab  Console 

(2)  Defornographic  Storage  Dlsp*  <£*\ibe 

(3)  Light  source  and  Schlier-  .pci cal  system 

(4)  Deflection  drivers,  driver,  and  erase 

control 

.  (S)  A  single  sec  <^,..nerator  electronics  consisting  of 
PSP-8  inte-^|*i£V  symbol/character/vector  generators, 
as see 1/  control  and  erase  control  logic.  These 

ele'^s|\ >ilcs  shall  be  capable  of  driving  one  or  two  tubes 
*  ^command, 
viewing  screen 
^C$1)  Power  supplies 


and 


3. 1.1. .2  Support  Eeulpment 

(a)  Special  Tools  and  Test  Equipment 

(b)  Spares 


3. 1.1.3  Documentation 


(a)  Management  Reports 

(b)  Equipment  Operation  and  Maintenance  Instructions 

(c)  Acceptance  Test  Plan 

(d)  Equipment  Acceptance  Test' Procedures 

(a)  Teat  Data  Sheets 

(f)  Pinal  Test  Reports 

(g)  Site  Prep  .ration  Specifications 

(h)  Installation  Documents 
(1)  Spare  Paris  Lists 

3.1.2  Services 

3. 1.2.1  Installation  Materials  and  Services 


ggsssme 


YW  folloslap  Ir*  def Isltloao  of  frequently  oMd  terse  and 
litrwUtlBM  t^Mrlat  it  Oils  — pleas rlap  rt^lraitt. 

CcmoU  lack  tear 
Console  Turret  laar 
Coaaols  Turret  Upper 
Federal  delation  Adsislst ratios 
lataraacloaal  tuelaaaa  Machines  Corp. 

Maas  Jon  T1 as 
Neaa  Dp  Tlaa 

Pec lose!  Aelatloa  Facllitlaa  txperlseacal  Caster 
Fropraaaad  Data  Frocaaeor-4  ( computer) 

>.3  Eaulpieat  Makeup  and  Ceseral  fuactlosal  looulrasaata 

3,3.1  laulPfst  Hekeep 

Tha  DefecaeprapDlc  Star  ape  Display  Spates  epee  If  lad  hanla 
shall  ea salat  aft 


a.)  Is-losta  coaaols  conf lpuratloaa  as  required  Dp  tha 
Caa tract 

D.>  PBaaetpaad 

a.)  Culaa  as  required  Dp  tha  Cos  tract 

d.)  Depp art  a tel pa eat  as  required  Dp  tDe  Costract. 


The  Peferaaptaphlc  Iter ape  Dire lap  Spates 


Is 


«.)  VltviAl  KN4I 

f.)  Power  seppllae 


3.3.1.?  Towar«Csb  Console  Confirmation 


Xa  the  Tower-Cab 
fabricate  a  typical  T 
following  la  tba 


•.) 

k.) 

e.) 

<0 


la  configaratira  the  contractor  shall 
r-Cab  cocao la  sad  shall  las tall  tha 

la: 


Jfft* 


Deforragrapbic  Storage  Display  _ 

Light  source  sad  gchllaraa  optical  ' 

Deflection  drivers,  video  4t<*-^tr*r«M  control 
A  siagle  set  of  gaaersr'.f£  Stnalci  coaalstlag  of  PDP-I 
la  tar  face ,  syabs*  *  fleeter  /vector  generators,  and  associated 
control  a»‘*  control  logic,  those  electronics  shall  he 

ta**£  arising  one  or  cue  tabes  upon  conn  and. 

,f5jfg  screen 
enppliaa 


3.3.3  Ccncrsl  fractional  icrvlrcnrats 


Tha  Defotragrapbla  gtorags  Display  Syetra  shall  ho  capable  of 
accept  Lag  signals  fron  the  Cove  r  want* owned  Prngr— ad  Data 
Proceaeor-S  (POP-t)  and  displaying  thla  lafernntion  on  the 
viewing  ecreea. 


It  shell  he  the  reepoaelhillty  ef  the  can  tree  tor  to  datomino 
and  dealga  the  repaired  interface  hetvaea  the  WM  and  the 
Be  feme  graphic  Storage  Display  Spaces,  vaiag  DCC-Il-AIA-D 
and  MJ  a a  a  gaida.  Tha  CovamaaaC  will  provide  eecess  to 
oil  deevnaa tat loe  available  at  IAP1C  oa  tha  PDP-1  (la  addltiaa 
to  tha  dnnanntetlra  listed  la  Section  3.3.2),  aad  te  tha 
PDP-g  epilpaaat  located  at  NATtC  if  rofvlred  by  the  eaa tractor. 

(Tha  fOM  la  aat  available  for  aae  at  tha  coetracter 's 
facllltias  daa  te  ether  i— al Batata  far  it#  eaa  at  DATSC.)  Tha 
een  tree  ter  shall  ewbmlt  all  each  ragweata  la  writing  Ca  tha 
Cnetraetieg  Officer  at  least  fifteen  days  prior  to  tha  regales- 
want.  If  aooass  to  tha  MM  ognipnaat  la  rngwoStod  tha  Oevem- 
naot  will  allow  anaa  rarara  oa  so  ss-owolUhlo  hosts.  If  ths 
ssntrsstsr  to  soy  naaosr  aodifiss  ths  POP’S  egeipoaat,  (that 
is,  waplegs  sards,  disssoassts  wires*  eta.)*  it  shall  hn  ths 
rsapsnalhUlty  sf  tha  osntraatnr  ta  rstnrn  the  PDM  tn  ths 
snndltlsn  vhish  as  la  tod  ha  loco  ansh  aadtf  teat  loo  mm  node  prior 
to  tha  release  af  aaoaas  by  tba  ssa  treat  sc.  Ths  raetrrater  is  esc 
rage  trad  to  tobe  eerroetlve  ration*  ansspi  by  proper  ration  nf  the 
changes  elonra  nf  ths  ssntrrat*  to  tlisrawrat  say  dlraraprasy  of  ths 
Osvsrnraot's  POP  >4  sr  its  Utsrfsss  free  ths  dsssriptlsos  een  ta  land 
la  tha  rafararand  deraarata  as  provided  to  the  seat r rater  by  tba  VAA. 


Phraleal  Beslra 


3.4.1  General 


The  Defomogrephlc  Storage  Display  System  shall  b«  configured 
in  an  En- Route  consols  as  required  by  tbs  Contract. 


3,4,2  gn^Poute  Console  Design 


Tbs  FAA  will  provide  one  each  of  the  following  units  of  a 
Radar  and  Manual  Posting  Console,  Type  H»1A,  to  the  contrac* 
tor  (Referenda  FAA-E*2ul5e).  These  units  will  be  provided  as 
CoUernment-Furnlshed-Equtpment,  at  no  cost  to  the  contractor , 
within  thirty  days  after  award  of  Contract. 


Unit  Haas 


Previns  Humber 


Console  Turret  Lower  A see ably  (CTL) 
Console  Turret  Upper  Assembly  (CTU) 
Console  Rack  Rear  Asseably  (CAR) 


D-5647-3 

D-5647-28 

D-5647-103 


The  contractor  shall  modify  the  units  as  cessary  to  aount 
two  De tomographic  Storage  Display  Tubes  and  the  other  equlpaant 
defined  In  3. 3. 1.1.  These  shall  be  mounted  within  the  CTL  (and 
CRR  If  additional  space  la  required).  The  CTU  shall  not  be  used 
by  the  coatractor  to  aount  any  part  of  the  display  equipment. 

The  display  equlpaant  (tubes,  light  source,  optical  syataa  and 
display  electronics)  shall  be  mounted  la  a  removable  frame  which 
Is  capable  of  being  removed  from  the  console  and  operated  ae  am 
independent  unit  for  projection  on  other  also  screens. 


The  contractor  shall  aount  a  viewing  screen  In  the  space  provided 
by  renewing  the  strlpholder  trays  from  the  CTL.  This  screen  shall 
completely  fill  the  space  provided  (appronlmately  22  inches  by 
32  inches),  and  the  optical  system  provided  shall  be  capable  of 
illuminating  this  entire  area. 

It  shell  be  the  responsibility  of  the  contractor  to  coordinate 
the  proposed  console  modifications  and  design  with  the  Oovere- 
■sat  Technical  Representative  prior  to  the  start  of  modifica¬ 
tion  to  Insure  compatibility  with  intended  nan. 


3.4.3  Tower-Cnb  Console 

Th«  contractor  shall  fabrlcata  a  Tower- Cab  conaola  us  V^TAA- 
RD-72-111,  Figure  C-2,  Typical  Console,  as  a  guide  ’3.n« 
plywood  console  shall  be  covered  with  Rosewood  (64)  eatte- 

finish  fomic.i.  The  contractor  may  view  sa or  <fi  of  these 
consoles  at  NAFfcC  if  it  is  required.  It  .1  be  the  responsi¬ 
bility  of  the  contractor  to  arrange  to  .^tw  the  consoles  with 
the  Cove  rate  nt  Technical  Rapresentar*  ■£'. 

The  contractor  shall  nount  the  ^iSrnographic  Storage  Display 
Tube(s),  light  source (s) ,  S'  3:ren  optical  systea(s),  display  alec* 
tronics  and  power  suppll'^a  a  renovsble  froae  which  Is 
capable  of  being  reswv^yitroe  the  console  and  operated  as  an 
independent  unit  f'  rejection  on  other  else  screens. 

The  contractor  nount  a  12  inch  by  24  inch  viewing  screen 

on  the  equips' ^4oun ting  panel  left  side  (when  facing  panel). 

It  shal’^tf'  the  responsibility  of  the  contractor  to  coordinate 
the  i»  ^sed  console  design  with  the  Governaent  Technical 
Re-  ^eotatives  prior  to  the  start  of  fabrication  to  insure 
^upatlbillty  with  intended  use. 
r 

3.4.4  Systen  Design 

The  Deforaographic  Storage  Display  Syst  qulpnent  specified 
herein  shall  be  designed  and  constructed  using  good  ccaner- 
dal  standards,  using  the  following  as  a  guide: 

(a)  FM -C-2 100  -  For  the  entire  Deforaographic  Storage 
Display  Syatea 

(b)  FAA-C-2100/lb.  Section  1-3. S.ll  Condition  I  when 
aeasured  at  the  highest  noise  level  at  a  distance  of 
3  feet  froa  the  exterior  surface  of  the  equipment, 
for  aahlset  no lee  using  curve  of  Fig.  12.7,  page 
375  la  Acoustics  -  For  Audible  Noise. 

(e)  FAArKR-4 50-003  -  For  all  wire  wrapped  connections. 

(d)  HlL-STD-461a,  including  Notices  1  and  2-  'For 
conducted  and  radiated  interference. 

(e)  NSA  6R-SS  -  For  nultilayer  printed  wiring  boards. 

The  contractor  nay  use  existing  designs  or  design  practices  in 
this  •valuation  nqeipasat  which  nay  differ  froa  the  referenced 
guidelines. 


Tl»s  ha  Tomograph  ic  storage  Display  Syetea  shall  be  designed  ta 
protect  tH*  snfaty  of  personnel  operatiag  end  servicing  chr 
equlpneet,  using  FAA-OU 00  as  e  guide. 


Jb  -I 


3. 4. 4. 2  Conducted  a*d  Radiaecd  Interference 


The  Deforaogrephtc  Storage  Display  System  shall  be  designed 
such  as  not  to  interfere  with  nearby  equipment  and  as  not  to 
be  adversely  affected  by  external  fields.  The  contractor 
shall  use  the  requirements  of  KIL-STD-461a  with  Notices  l  and 

2  as  a  guide. 

3. 4. 4. 3  Sts ten  grounding 

The  contractor  shall  specify  any  special  grounding  require* 

■eats  and  shall  include  is  his  design  a  grounding  system  so 
that  there  shall  be  no  degradation  of  signals  between  equip¬ 
ment  due  to  cross-coupling  through  the  ground  system.  One  ground 
for  A.  C.  neutral,  and  a  second,  separate  ground  for  signal,  D.C. 
power,  and  chassis  bond  shall  be  maintained  throughout, 

3. 4.4. 4  Power  Requirements 

The  standard  design  center  value  for  voltage  shall  be  120  volts 
(Reference  FAA-C-2100) .  The  power  consumption  In  either  the 
Bn-Route  or  the  Tower-Cab  configuration  shall  not  exceed  2.0  Ktf. 

3.4.4. 3  Maintenance  Aids 

The  Be f ormogrepbie  Storage  Display  System  shall  contain  main¬ 
tenance  aids  (e.g. ,  switches,  test  points,  indicators)  to  allow 
detection,  isolation,  and  repair  of  unit  faults.  The  design  shall 
emphasise  the  use  of  commercially  available  teat  equipment,  tools, 
and  fixtures  for  maintenance  aids  and  minimise  reliance  upon  special 
test  equipment. 

3.4.3  Special  Tools  and  Test  Equipment 

If  required  by  the  Contrast  the  contractor  shall  submit  for  Govern¬ 
ment  review  and  approval  a  complete  Hat  of  special  tools  sad  test 
equipment,  the  application  of  each,  and  the  unit  or  osmponomot  for 
which 'it  la  Yeqdirvd.  This  shall  bo  submitted  prior  to  fabrication 
or  procurement  of  any  special  tools  and  cost  equipment  for  use  at 
Government  facilities.  The  design  of  tho  equipment  shall  be  sash 
as  to  permit  the  mao  of  standard  toola  and  teat  equipment  insofar 
as  practicable!. 
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3.4.6  Standard  Teet  Egutgwl 

The  contractor  •hall  provide  a  Hat  of  standard  taat  equipment 
which  will  ba  required,  aa  a  niniaun,  to  aalataia  tha  aystaa. 


The  Daforaographic  Storage  Dlaplay  Syataa  Inetallatlon  Cab la a 
ahall  bo  supplied  by  tha  contractor.  Thaaa  cablaa  ahall 
include  tha  cablaa  naadad  to  interconnect  all  unite  within 
tha  Daforaographic  Storage  Dlaplay  Syataa.  all  cablaa  required 
to  Interconnect  tha  De tomographic  Storage  Dlaplay  Syataa  with 
tha  PDP-8  computer  a.td  with  tha  power  aourcaa  at  the  site, 
and  all  other  cablaa  required  to  properly  ioatall  tha  Da  tomo¬ 
graphic  Storage  Dlaplay  Syataa  at  the  alta  dealgnatad  by  the 
Contract. 


If  cablaa  are  required  in  addition  to  the  inetallatlon  cablaa 
apaciflad  in  Section  3.4. 7.1  to  factory  taat  the  Da  tomographic 
Storage  Display  Syataa  thaaa  cables  ahll  bn  furnished  by  the 
contractor. 


A  provisioning  conference  will  bo  callod  by  the  Contracting 
Officer  within  thirty  deya  after  receipt  of  tho  re r unmade d 
spare  parte  list  specific*  lo  Section  l.i.lO.  At  this  eoa* 
foresee,  spare  ports  requiremoto  shall  be  discoaaed  in  detail 
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with  FAA  personnel.  Within  thirty  days  following  the  confer- 
•nee.  the  Government  will  specify  the  quantities  of  spare  parts 
to  be  ordered.  Delivery  of  the  spare  parts  shall  be  as  nego¬ 
tiated. 

3.4.9  Heap  Dp  Ties  and  Mean  Dow  Ties 

3. 4.9.1  Mean  Up  Tine  and  Mean  Down  Tine  Demonstrations 

The  Mean  up  ties  and  Ha an  down  tlaa  requirements  are  not 
subject  to  tests  or  demonstrations,  but  must  be  considered  as 
design  goals  In  the  design  approach  and  the  quality  of  suterlals 
and  workmanship  required.  They  do  not  constitute  a  warranty  o£ 
any  kind, 

3. 4. 9. 2  Heap  Up  Tine 

Mean  Op  Tine  (HUT)  Is  defined  as  the  mean  time  to  failure  of 
the  equipment,  given  that  the  equipment  Is  operating  In  accor¬ 
dance  with  the  requirements  of  this  engineering  requirement 
at  time  aero.  The  HUT  for  the  equipment,  excluding  noncrltl- 
cal  components  such  es  Indicator  lasq>s,  mechanical  as a onto Lies, 
etc.*  shell  be  at  least  1300  hours.  The  cathode-ray-tube 
(Deformographle  Storage  Display  Tube)  replacement  HUT  for 
reasons  of  catastrophic  failure  or  decrease  In  performance 
below  that  required  to  meet  the  requirements  of  this  engineer¬ 
ing  requirement  shall  be  at  least  3000  hours.  The  projection 
lamp  MBT  shall  be  at  least  300  hours. 

3. 4. 9. 3  Mean  Down  Time 

Mean  Down  Time  (HDD  in  defined  aa  the  mean  time  to  effect 
minimum  repair  euff Iciest  to  restore  the  equipment  to  opera¬ 
tion  in  accordance  with  the  requirements  of  this  engineering 
requirement.  The  MDT  of  the  equipment  shall  be  one  hour  or 

leea. 

3.3  Deformonrenhlc  Storage  Display  System  Performance 
'  Soqulrements 

3.3.1  General 

The  performance  requirements  specified  herein  shall  apply  to 
the  Deformographle  Storage  Display  System  when  displaying  data 
written  only  ones,  measurements  to  be  taken  within  10  minutes* 
and  measured  under  the  following  conditional 


/  / 
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1. )  Input  data  la  auppllad  from  a  PDF'S  coaputar  over  cables 

SO  faat  in  length. 

2. )  On  a  acraan  with  a  30  Inch  by  30  inch  uaabla  diaplay  araa. 

3. )  Oalnt  one  Deformographic  Storage  Diaplay  Tuba  (DSDT)  with 

lta  associated  optica,  light  aourca  and  electronics  on  an 
individual  basin 


4. )  .Ualng  a  apacific  blade  and  white  achilleren  atop  aalactad  by 

the  contractor. 

5. )  With  all  equipment— including  flltara,  safety  feature  a, 

ate. "in  normal  operating  positions. 

6. )  Measurements  of  brightnaaa,  line  width  and  other  related 

parame  tar  a  ahall  be  nade  in  a  direction  patella  1  to  the 
optical  path  at  the  canter  of  the  viewing  acraan  ualng  a 
Model  2020  Caama  Scientific  Phot  one  tar  with  nicroscope,  alx 
■11  aperture  and  2.5X  nagnification,  or  equivalent.  All  auch 
aeaaureaenta  ahall  be  made  with  4  foot  candlea  of  ambient 
Illumination  on  the  viewing  acraan  aa  measured  with  the  same 
instrumentation  by  using  a  suitable  lambertian  reflector  held 
flat  against  the  screen. 

3.3.2  Measurement  Technique a 

The  contractor  shall  provide  a  procedure  defining  the  measurement 
techniques  to  be  used  to  measure  the  display  parameters  specified 
herein.  This  procedure  shall  define  the  measurement  equipment, 
test  conditions,  and  test  patterns  to  be  used.  HIR-1669,  Rev.  1 
ahall  be  used  as  a  guide  la  preparing  this  procedure.  The  procedure 
shall  be  submitted  to  the  PAA  for  review  sad  approval  *t-  least  120  days 
prior  to  acceptance  test.  The  PAA  will  review  and  comnsnt  or  approve 
within  30  days  after  receipt  of  the  procedure. 

la  developing  this  procedure  the  contractor  shall  consider  the 
use  of  Government  owned  measurement  equipment  at  MAFIC.  If 
information  concerning  this  measurement  equipment  is  required 
the  contractor  shall  request  such  information  in  writing  from 
the  Contracting  Officer.  The  Contracting  officer  will  arrange 
a  meet  ins  with  Government  technical  rapraaeatatiuas  to  supply 
the  required  information. 

3-3.3  Brightness 

3.3.3.1  Required  Display  Pate  Irithtneaa 

The  Defomogrsphic  Storage  Display  System  shall  be  capable  of 
displaying  data  at  a  brightness  of  at  least  fifteen  foot 
lamberts  at  the  center  of  the  screen. 


3. 3. 3. 2  Brightness  Control 

A  brightness  control (§)  shall  bo  provided  to  enable  the  brightness 
level  to  be  adjusted  fror.  lull  brightness  (fiction  3.5. 3.1)  covr.  to 
one -eighth  or  less  of  full  brightness. 

The  control  of  brightness  shall  be  uniform  over  the  entire  view 
tog  screen  for  all  settings  of  the  eontrol(s).  That  is,  as  brightness 
is  lowered,  all  displayed  data  on  the  viewing  screen  shall  be  dimed 
uniformly.  Also,  focus  shall  not  change  during  small  changes  of 
brightness.  Brightness  levels  shall  not  be  affected  by  varying  condl* 
tions  of  display  data  load.  The  brightness  control  may  be  implemented 
to  provide  discrete  increments  of  brightness  and,  if  so,  there  shall  be 
at  least  fo*ir  discrete  levels. 


3. 3.3. 3  Brightness  Variations 

Measured  brightness  variations  over  the  entire  viewing  scream 
due  to  ell  causes  shall  not  exceed  60  percent.  Measured  brightness 
variations  shall  be  defined  as: 


B  max  ■  g  min 


x  100  •  X  of  brightness  variation 


where:  B  max  •  Maximum  brightness  reading 
B  min  •  Minimum  brightness  reading 

Measured  brightness  variations  between  and  within  characters 
and  vectors  shall  not  axcec<f  40  percent  over  a  distance  of  three 
inches  or  less  anywhere  on  the  screen. 


2:.5jA. 


Contrast  Ratio 


Contrast  ratio  is  the  ratio  os  the  brightness  of  an  element 
of  display  data  as  compared  to  the  brightness  of  an  arse 
adjacent  to  the  display  data,  or: 


Contrast  Ratio  ■ 


Brightness  of  an  element  cf  display  data 
Background  brightness 


The  contrsst  ratio  shall  be  sixteen  to  one  or  greater.  The  specular 
reflectivity  of  the  viewing  screen  shall  ka  lean  than  lift, 

3.3.3  Dlaslav  Color  and  Shades  of  Craw 


3.3. 3.1  Display  Color 

•  .e 

The  following  optical  stops  shall  be  provided  far  each  Deforms* 
graphic  Storage  Display  Tuba  to  permit  display  of  the  indicated  colors i 

a. )  Black  and  white  (shades  of  gray) 

b. )  Deeth  of  modulation  two-color:  Red  and  Green  -  three  sixes 

c. )  Spatially  polarised  four-color:  Rad,  Green,  Tallow,'  and 

Bluish  Vhltc  •  two  iseatical  stops* 

The  optical  scops  shall  be  anally  lato?ehaagiahlo* 

A*IS 


3.5 ,5.2  Shades  of  Cray 


When  displaying  data  using  eha  black  and  whits  optical  stops 
tha  display  shall  bo  capable  of  producing  six  shades  of  gray 
on  tha  viewing  screen. 


3.5.6  Line  Wldthj Re solution  and  Spot  Crowth 

3.5. 6.1  tine  Width 

The  width  of  a  single  Una  Measured  anywhere  in  the  test 
pattern  of  3. 5. 7.1  shall  not  exceed  0.040  inches  at  the  SO  percent 
brightness  points. 


3. 3. 6.2  Resolution 


k  pair  of  lines  on  0.03S  inch  centers  shall  be  resolvable  any* 
where  on  the  viewing  screen  with  at  least  20  percent  Modulation, 

where: 


X  Modulation  • 


>  wax  -  t  nin 

B  aax 


x  100. 


and  ■  Max  -  Max lawn  brightness  reading 
1  sin  •  ninlaua  brightness  reading. 

3. 3. 6. 3  Snot  Crowth 

Tha  ratio  of  tha  naxtwuai  to  ninlnua  lino  width  Measured  anywhere 
in  tha  teat  pattern  of  3. 3. 7.1  shall  not  exceed  1.4.1,  with  1.3.1  as 
a  design  goal. 


3.3.7  Linearity  and  Retiatration  Accuracy 
3.3. 7.1  Linearity 

Linearity  a  ha  l'  be  Measured  using  a  cross  hatch  pattern  consisting 
of  nine  vertical  and  nine  horlsootal  linas  which  are  intended  to  divide 
the  full  unable  viewing  area  into  64  equal  squares.  The  height  and 
width  of  any  square  shall  not  vary  by  wore  than  0.13  inches  free  one* 
eighth  of  the  height  and  width  of  tha  full  usable  area. 


3.3. 7.2  tewrlte  Ketistratloo  Accuracy 

k  block  of  data  is  defined  to  be  a  group  of  characters,  synbels 
and/or  vectors,  contained  within  an  area  ef  30  square  inches  or  lass, 
ell  of  which  are  written  and  erased  as  a  group.  Ubaa  the  following 
three  steps  are  conpletad,  the  data  in  step  e)  shell  be  within  0,030 
inches  of  tha  positions  of  the  date  la  step  e)i 

a)  A  data  blech  shall  be  writer'  la  any  position  on  the  screen 
ant  occupied  by  other  date. 

b)  This  date  block  shall  be  selectively  erased  without  hay  other 
date  being  added  or  deleted  froa  the  screen. 

e)  Ac  cans  date  block  shell  he  rewritten  with  the  sane  eeaneeded 
position  as  la  step  a).  ^ 


3. 3. 7. 3  Overwrite  Registration  Accuracy 


When  tw  identical  data  blocks  ars  written  at  exactly  the  sane 
co— ended  position  with  no  other  dots  being  added  or  deleted  from 
the  screen  during  the  interim,  the  rewritten  oats  shall  register  to 
■within  0.030  inches  of  the  original  data. 

3. 3. 7. 4  Selective  Erase  Accuracy 

Referring  to  step  b)  in  3. 3. 7. 2,  the  selective  erase  pattern 
shall  be  ca— ended  to  cover  an  area  extending  0.13  Inches  beyond  all 
sides  of  the  data  block  in  step  a).  It  shall  completely  erase  the  data 
block  without  affecting  any  data  that  is  outside  the  data  block  by 
0.30  inches  or  —re. 


OCXTt 


3. 3. 7. 3  Registration  of  Two  DSPT  leases  istlXIE 

___  nttETt  dELETI 

When  identical  tear  DBLET“_-  *n  J.3.7.1  are  written 

oe  h°rVK£*yg  OKtETt  _  .JJJ*  configuration,  the  two  iaagea  shall  coin* 
pgUftt  .  -Hasten in  0.30  inches  at  all  points  within  the  test  f -at tern. 


3.3.0  pise’ ay  Magnification 

Tbs  optical  — galflcatioo  of  displayed  data  (diagonal  of  viewing 
screen  dlsplsy  area  divided  by  usable  CRT  dia—  ter)  shall  be  variable 
fr—  7.3X  signification  to  10X  oegnlf  lent  ion.  Adjustable  magnification 
for  screen  sixes  other  than  the  fixed  screen  built  into  the  console 
shall  apply  only  whan  the  cube  and  its  optics  are  removed  fr—  the 
console,  and  shall  be  accomplished  by  adjusting. the  projection  lens  and 
chan glng  the  optical  path  length  fr—  the  DSDT  to  the  viewing  screen. 


hliL 


Jitter  and  Short  Term  Drift 


reek  to  peak  short  term  drift  or  jitter  of  stored,  displayed 
data  shall  — t  exceed  0.003  inches  due 
of  vibrati— .  Drift  amd  jitter  are  daf 
diaplayed  data  position  within  a  1-mlnute  interval 

2sLi&— isafeilia 


to  any  internal  source 
and  as  movement  of  the 


1  quip— at  stability  shall  be  such 
lag,  and  other  necessary  a— trole  shall 
frequently  them  weekly  to  meet  par 


that  the  brightness,  focus 
— t  require  adjustments 
requirements. 


Itlill _ &g£KlSt 

flaatrlcal  horix— tal  smd  vertical 
be  provided  to  center  the  display.  The 
reaps  of  adjust— ats  sufficient  to  posit 
be—  image  to  the  center  of  the  viewing 
coordinates  are  addressed.  Display  can 
—re  chan  o— -quarter  inch  fr—  the  orl; 
over  a  one -week  period. 


centering  c— trots  shall 
controls  shall  provide  a 
1—  the  pro Jested  a  laser— 
screen  when  display  center 
liter  positioning  shall  not  mars 
glnal  point  of  adjust— nt 


3.5.12 


Dlr.nlav  Slor.-’-'e 


The  equipment  shall  be  capable  of  displaying  an  image  without 
refresh  for  thirty  minutes  minimum  while  retaining  at  least  50 X 
of  the  orl£in*l  brightness.  Degradation  in  display  resolution  shall 
not  exceed  101. 

3.5.13  Cl-^r.  r.tic  ^cr.rrtolre 

The  equipment  shall  be  capable  of  displaying  the  twenty-six 
capital  letters  of  the  alphabet,  the  digits  0  through  9,  and 
the  twenty-two  special  symbols  shown  in  Figure  3-1. 

3.3.13.1  Character  Closure 

Line  segments  of  a  character  or  symbol  shall  be  closed  or 
completed  to  .within  0.013  inch  from  the  idealised  fonts. 

3.3.13.2  Character  Positioning 

All  alphanumeric  characters  shall  be  positioned  so  that  tha 
center  of  the  character  corresponds  to  the  overall  X,  Y  position 
command.  The  twenty-two  special  symbols  shall  be  position  such  that 
the  center  of  the  box  drawn  around  each  symbol  in  Figure  3-1 
corresponds  to  the  overall  X,  Y  position  command. 

3.3.13.3  Character  Site 

The  nominal  values  of  the  character  sisa  shall  bet 

0.230  inches  high 
0.180  inches  wide 

Maintenance  adjustments  may  be  provided  to  permit  setting 
character  sixes  to  tha  nominal  values.  All  characters  shall  have 
height  and  width  (where  applicable)  within  gift  of  the  sec  value 
and  shall  not  vary  with  time. 

3.3.13.4  Character  Spacing 

Center  to  center  spacing  of  characters  shall  be  programmable 
in  increments  of  0.013  inches  or  less. 

3.3.14  thrltlng  end  Erasing  of  Data 

3.3.14.1  Writing  Sate  and  Time 

The  system  shall  be  csrsbla  of  e  writing  rats  of  st  lesst  20,000 
lnches/necond  at  the  vlcviw.  screen.  Tho  writing  time  per  eharaetrr 
shall  not  excar.l  K  •  ~j«o seconds.  The  tine  required  to  cvclo  «'owr.  . 
eras.*,  cvcle  up,  m:  -Tile  It*.*  ch.,i*etcrs  located  adjacent  to  »*sch 
othor  shall  nut  rxcccd  lUO  nillltccends. 


MOUftf  »1 

VCOAL  tVIMOI.  CHAMACTtN  TONTt 
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3.5.14.2  Erase  Tima  and  Control 


The  erase  time  shell  uot  exceed  10  Billiseconds  per  square 
loch  of  display  segment.  Under  electronic  control,  erere  action, 
location,  selection,  end  repetition  shall  be  performed.  Manual  and 
electronic  flood  erase  shall  be  provided. 

3.5.*_3  Input,  f*,»te 

The  system  shell  be  capable  of  accepting  at  least  one  character 
every  100  microseconds. 

3.6  Documentation 


3.6.1  General 

The  contractor  shall  provida  all  nacassafy  services  and  mater- 
ials  to  develop  and  deliver  documentation  in  tha  quantities  and  at  the 
tlae  specified  in  the  Contract. 

.  All  documentation  produced  or  updated  by  tha  contractor  shall 
show  the  contract  number  conspicuously  displayed  on  each  document , 
including  drawings,  to  facilitate  identification  and  association 
with  the  contract.. 

Documentation  such  as  Instruction  books,  maintenance  manuals, 
etc.  which  are  in  existence  or  la  use  at  the  time  of  award  of  Contract 
will  be  accepted  if  so  specified  in  the  Contract.  This  documentation 
shall  be  updated  if  necessary  to  reflect  the  equipment  design  at 
delivery  time.  Documentation  which  is  produced  as  a  result  of  this 
Contract  shall  be  produced  to  good  coonwrclal  standards,  using  the 
following  as  a  guide: 

A.  FAA-STD-OiOa 

B.  FAA-D-633h,  with  Amendment  1 

C.  FAA-STD-002,  with  Amandbent  1 

3.6.2  Management  Reports 

Monthly  management  reports  la  latter  fora  consisting  of  the 
following  two  parts  r^all  be  submitted  by  the  contractor  during 
design,  development,  nd  fabrication  of  tha  equipment* 

A.  Fart  Z,  Program  Status  »  A  narrative  of  work  pragmas 
during  the  reporting  period 

B.  Fart  II,  Problem  Areas  -  A  discussion  and  solution  of 
progress  toward  solution  of  special  problem  areas. 


f 3  EoulrTcnc  Operation  and  Ktlnccnsnce  Inttructiona 


Tlwt  contractor  shall  provide  operation  and  oatntenance  instruc¬ 
tion*  containing  sufficient  detail  co  allow  operation  and  maintenance 
of  the  ayates  by  skilled  engineers  and  technicians. 

These  instructions  shall  include  the  basic  theory  of  all 
unusual  or  uncotTOn  circuitry  uae^  in  the  ecuipe>;ac,  equipment  limi¬ 
tations  Slid  uan.ir.gt,  acheeatie  dtagr.tr>*  to  the  discrete  component 
or  packaged  rooule  level,  digital  interface  details,  a  description  of 
digital  signals  through  logic  levels,  voltage  and  vavefora  lnfore.it loo 
where  appropriate,  end  sufficient  detail  to  allow  component  .replace* 
went.. 


Docuaentatioo  shall  also  inc.ude  control  requirements,  special 
software  sequences  necessary  to  the  performance  of  the  OSOT  eystea, 
wire  listings  as  appropriate  for  signal /circuit  tracing,  circuit 
acheaatica  and  special  instruction#  for  power  supplies,  and  other 
004  assemblies  not  manufactured  In- house. 

Documentation  shell  also  Include  maintenance  p roc e (hire e,  main- 
teaaace  aide  and  alignment  procedures  for  the  optical  eystea. 

Thaea  document a,  in  preliminary  fora,  shell  be  provided  to  the 
FAA  at  least  30  days  prior  to  planned  or  scheduled  acceptance  testing. 

3. *.4  Acceptance  Teat  Flan 

Tea  contractor  shall  submit  a  plan  for  FAA  approval  which  ant- 
lines  the  acceptance  testing  prograa  raculred  to  demonstrate  com¬ 
pliance  of  the  Storage  Display  System  with  ell  the  requirements  of 
this  engineering  requirement.  The  plea  shall  include  but  not  bo 
limited  to  the  (ol loving: 

A.  The  plan  aboil  define  the  contractor's  Quality  Aatwr- 

anao  program  required  to  meet  the  roqnircemnto  of  Sect loo  A 
of  this  specification.  The  FAA'a  role  io  the  Qnolity  Aaawrai 
Program  shall  bo  defined. 

g.  The  plan  aboil  prmvada  aa  overflew  ef  ell  proposed  tost 
activities  far  ail  equipment.  Tho  overview  aboil  clearly 
ideatify  all  teat  activities  required  to  dsmonatrate  com¬ 
pliance  with  the  ooglaeerlag  requl reneat,  list  tentative 
start  and  completion  dotes,  describe  the  objectives  af  aaeb 
teat  activity,  list  tbs  teat  documentation  required,  and 
daflaa  contractor  eed  FAA  portlclpotloo  in  the  tost 
activities. 

C.  For  each  teat  activity  identified  to  A  sad  B  above, 
the  plea  shall  provide  a  checklist  at  teat  require¬ 
ment.  The  approved  checklist*  t'.all  be  used  by  the* 
contractor  to  develop  toe  rqulpucot  teat  procedures 

and  data  sheets. 


3.6.5  Ecuipr^nt  Acceptance  Test  Procedures 

The  contractor  shall  submit  teat  procedures  for  each  teat 
activity  defined  by  the  approved  teat  plait  of  Section  3.6.4 
to  the  FAA  for  review  and  Approval.  The  teat  procedures  shall 
include  Lite  nea sutc.-vnt  techniques  procedure  of  Section  3.3.2, 
and  include  all  details  necessary  to  assure  that  the  testing  will 
satisfactorily  denunstrtts  equipment  co-apliance  with  the  require- 
cents  as  contained  in  this  engineering  rcq'iiceuent.  Each  test  shall 
reference  the  specified  requireeent  including  the  paragraph  number 
and  tolerance  therein  of  the  engineer ir..;  requirement  or  other 
docuuentation  for  which  the  test  is  intended  to  demonstrate  compliance. 
The  contractor  shall  notify  the  FAA  of  proposes  test  daces  for 
contractor  conducted  tests  concurrent  with  submission  of  the  test 
procedures.  The  contractor  shell  notify  the  FAA  of  flnel  tost  detoa 
at  lasst  seven  days  prior  to  conducting  the  test.  The  FAA  reserves  the 
prerogative  to  witnesa  teata  and  to  raculre  additional  teating  aa  nay 
be  needed  to  ahow  coon  l  lance  with  this  engineering  requirement. 

3.6.6  Test  Pate  Shoota 

The  contractor  ahall  subnit  to  the  FAA  Teat  Data  Sheets  with 
the  test  procedures  defined  in  Section  3.6.S.  The  contractor 
shall  sub* it  the  conpleted  Teat  Data  Sheets  to  the  FAA  after 
completion  of  each  activity.  Teat  Data  Sheets  shill  be 
complete  with  respect  to  ell  teats  specified  in  the  test 
procedure. 

3.6.7  -  Unas signed 

3.6.8  Site  Preparation  Specification 

The  contractor  shell  subnet  e  Site  Preparation  Specification  in  lettor 
form  to  the  FAA,  in  advance  of  the  proposed  sit#  Installation.  Tho 
Site  preparation  Specification  will  be  used  ey  the  Cover  name  t  to 
prepare  the  alts  for  Installation  of  toe  contractor's  equipment 
end  to  perform  necessary  services  net  required  of  the  contractor. 

The  specification  shell  include  but  not  ho  United  to  tho  following! 
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A.  Definition  of  power,  physical  space,  and  air  condi¬ 
tioning  requirements  to  be  furnished  by  the  Covern- 
aeat. 

1.  Description  of  all  required  codifications  to  existing 
Government  equipment. 

C.  Definition  of  cable  and  connector  requirements  for 
the  complete  installation. 

D.  Definition  of  contractor's  office  equipment  and  space 
requirements  to  be  furnished  by  the  Government  during 
the  installation  and  checkout  period. 

S.  Identification  of  requlreaeots  for  Govern sent  and 
other  contractor's  services  and  test  equipment. 

3.6.9  installation  Documents 

The  contractor  shall  submit  installation  documents  to  the  FAA 
prior  to  delivery  of  the  equipment.  The  documents  shall  con¬ 
tain  all  necessary  information  required  by  skilled  technicians 
and  engineers  to  correctly  install  the  equipment  and  initiate 
its  operation.  The  docuaents  may  be  selected  data  prepared 
under  other  documentation  requirements  or  previously  prepared 
for  installation  of  like  equlpnant, 

3.6.10  Spare  Parts  List  »r.d  DSDT  Spares  Support 


The  contractor  shall  provide  copies  of  an  Inltal  Spare  Parte 
List  containing  those  items  the  contractor  deems  necessary  for 
the  continuing  support  sad  maintenance  of  the  equipment  for 
e  period  of  not  less  than  one  year.  The  contractor  also  shall 
provide  for  U'iJt  (  CIV)  replacements. 

3.7  Services 

.7.1  Installation  Materials  and  Services 
The  Contractor  shall  install, 

debug,  end  teat  the  system  sc  the  facility  designated  by  the 
Government.  Installation  power  wiring  shell  be  la  accordance 
with  the  requirements  of  ths  rules  of  local  wiring  codes  and 
the  National  electrical  Safety  Code.  Installation  materials 
furnished  shall  be  Underwriters  Laboratories,  Inc.  approved 
type. 
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The  contractor  shall  provide  hands-on  faaillar last Ion  and  informal 
training  to  a  snail  nueber  of  FAA  technical  personnel  prior  to  final 
acceptance  tasting.  Tnis  shall  be  conducted  at  the  contractor's 
facility  for  -*jrposea  of  under  scanning  the  special,  unique,  non* 
standard  operat.an,  aligntcut,  soif-are  control,  set-up  and  i~a  in- 
tenanco  requircranta  ci  the  DSDT  systca. 


3.7.3  Coc*»oration  and  Coordination 


The  contractor  shall  participate  in  aretings  and  conferences  and 
exchange  ts conical  data  relating  to  the  equipnent  performance  and 
doaige  compatibility  with  others  as  directed  by  the  Contracting 
Officer. 


*•24 


4.1  General 

The  Storage  Display  System  shall  be  caeted  at  the  contractor'* 
plant  prior  to  shipment  (factory  acceptance  testa)  and  after 
installation  at  the  Covernaant  designated  site  (site  acceptance 
tests)  ia  ec oor da nee  with  the 

approved  test  procedures  (Section  3.4. 5),  and  compliance  there¬ 
with  shall  be  daaonstrated.  All  acceptance  tests  shall  be 
performed  by  the  contractor  and  witressed  by  the  FAA.  However, 
the  FAA  reserve*  the  right  to  waive  witnessing  of  the  complete 
acceptance  teats  or  any  part  thereof.  If  FAA  witnessing  of 
tests  is  waived,  the  contractor  shall  furnish  certified  test 
data  showing  the  results  of  all  such  teats.  In  any  case, 
factory  acceptance  by  the  FAA  will  not  be  mads  until  test  data, 
certified  to  be  true  and  correct  by  e  properly  authorised 
official  of  the  company ,  and  notarised,  has  bean  subelttad  and 
approved  by  the  FAA.  Ferlodic  design  reviews  shall  be  held  at  the 
contractor's  facility  beginning  30  days  after  contract  award. 

4.2  Acceptance  Testa 

4.2.1  Ganaral 

The  contractor  shall  parfoni  factory  acceptance  tests  and  alts 

that  tha  equipment  fully  naats  the  requirements  of  this  engi¬ 
neering  requirement.  The  contractor  shell  furnish  nil  equip¬ 
ment  and  test  program*,  if  required ,  necessary  to  adequately 
test  the  Stonge  Display  Systsn.  Covsrnaent- furnished  equip¬ 
ment  will  not  bo  provided  for  factory  acceptance  tests  unless 
so  atatsd  by  tha  Contract. 

4.2.2  Factor  /  Acceptance  Tasta 

e 

Factory  accap  .eace  casta  shall  bs  conducted  la  accordance  with 
the  approved  .eat  procedures  (Section  3.4.3). 

4. 2. 2.1  Oul  tv  Centro!  Ins  sect  Ion 

This  inspect  «  shall  include  all  cheeks  and  casts  d eased 
necessary  to  iscs reels  that  the  equlpaent  neats  peed  comt* 
del  standard** 
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♦  .2.3.2  Factory  Accaptance  latorclso 

Dm  S  tara#«  Display  lyatao  shall  W  aaarclaad  for  s  ilal— 
period  of  24  cooaecutiva  hours  sfcsr  coaplatloa  of  tbs  Factory 
Accaptaoca  Taata.  Malataaaeee  schedules  for  this  factory 
accsptaacs  aaarcla*  will  b*  data reload  who*  tha  Factory 
Accaptaoca  lasts  (Sactloa  4.2.2)  ar*  coop la tad  sad  Taat  Data 
•heats  aro  auholttod. 

4.2.3  Sits  Accaptaoca  Taata 

•Its  accaptaoo*  taata  shall  ha  caaduetsd  by  tha  ooatractor 
after  laatallatloo  aad  shall  eoaalat  of  all  taata  wpaclflsd  by 
tha  approved  cast  proas dares  (tactloo  J.d.J)  or  other  taata  as 
ra«pilrod  to  show  eoapllaaoa  with  aaocli lad  ruilr—mi 


1&L  JjlaaBa  Jtaate 

Dwriat  systaa  ft)  aulas  prior  to  aad  durlac  factory  aad  alto 
accaptaoca  taata  aa  lafocaal  aalataoanca  lot  which  lists 
aalfoactloos,  chair  locatioo  la  tha  systaa,  aad  how  they  am 
repaired  shall  ha  kept.  Odd  sltaatioas,  sech  aa  caaaa  la 
which  aalfwactioo*  disappear  for  reaaooa  set  cloarly  uadam 
atood.  shall  also  be  recorded.  Throe  coplao  of  this  record 
shall  be  famished  to  the  Cootractlat  Officer  at  tha  ccaple- 
tloa  od  alto  accaptaoca  tests  If  required,  otherwise  at  tha 
caaplatlaa  of  factory  accaptaoca  toots. 

4.4  laopoctlot  of  Poo  In  tad  Fabrication  ftatwo 

Dpoa  roqeoot  free  tha  FAA,  the  coo  tractor  shall  aako  aveilahla 
for  review  at  hla  facllltiao,  at  aay  atapa  of  the  Coo tract, 
all  laforaatioa  repaid  lap  the  deal  to  aad  fabricatloo  atatna 
ad  tha  atalpoaat  balat  aaaof secured  to  this  aapjaaarlap 
roqniraoatiit,  oaaapt  for  proprietory  data. 

flotif  lcotioa  od  roadloaos  dor  laaportloa  aha  II  bo  aaot  to 
the  Csotroctiat  Offloar  at  loaot  tom  days  prior  to  the 
loalrod  laopactlaa  start  data. 

4.d  facilities  for  FAA  lartoctor 

Dm  aoo  tree  tec  shall  prevlda  for  tho  woo  od  so  VAA  laopoctor 
o  dash  (with  lock),  a  typewriter,  woa  od  flaphaaa  (loaaead 
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at  tha  desk)  (or  official  buainaaa  in  connection  with  tha 
Contract  (coat  of  lonf-distance  calls  nada  by  tha  Inspector 
to  bn  bona  by  tha  FAA),  and  sufficient  working  space  to 
permit  him  to  par fora  his  required  duties  adequately  if 
required  by  tha  contract. 
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Appendix  A 
W-1/DS5T  INTERFACE 

• 

A.1  DISPLAY  COMOXD  WORDS 

11m  PDP><  Conputer  control!  the  OSOT  display  by  tmasaittiag  cr— mil 
mr  its  12 -bit  interface  to  tho  display.  Tha  eoandi  specifr  pertinent 
ooatrol  inforuation  tad  da  flat  tha  syabols  which  sra  to  ba  add  ad  to  or 
dal  at  ad  free  tha  display.  Tha  various  types  of  12-blt  co— and  words  aad 
thalr  bit  cootaats  ara  shown  la  Figure  A-l. 

Tha  coanaad  words  ara  coaposad  of  op-coda  bits  and  data  bits.  Tha 
noat  significant  bit  of  each  coanaad  word  Is  used  to  different  lata  an 
op  coda  word  froa  a  data  word  (a  0  defines  an  op-code  word) .  Tha  next 
neat  significant  bits  in  aa  op-coda  word  define  tha  type  of  coanaad  being 
traasaitted  —  either  character,  vector,  no-op,  breach  or  control.  Tha 
various  types  of  rnansnrii  ara  considered  Individually  below. 

A.  1.1  CHARACTER  COMA*  JO 

Tha  character  coanaad  Is  used  to  specify  readonly  placed  characters 
to  tha  display.  It  requires  tha  transalttal  of  throe  words  —  tha  first 
aanialalug  tha  op-coda  and  character  coda,  tha  second  tha  X  position  of 
the  character,  aad  tha  third  tho  Y  position.  The  X  sad  Y  values  define 
tho  coordinates  on  tha  CXT  where  tha  canter  of  tha  character  Is  to  be 
placed.  The  character  selection  Is  node  based  on  tha  character  cede 
hits. 

■hen  characters  are  being  displayed  on  a  herlsontal  line  la  type¬ 
writer  fashion,  only  tho  first  two  12-blt  words  of  tho  character  eoonaad 
need  be  traasaitted  once  tho  llao  value  (Y)  has  been  established.  Tho 
display  will  store  sad  aalatala  each  paraaetor,  such  as  Y  position,  until 
that  pewter  la  cennanded  to  eJMage  by  a  subsequent  data  word  of  the 
sans  type. 
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A.  1.2  VBCTQt  C0M4AN0 

Dm  vector  cowad  is  usnd  to  construct  readonly  placed  single  or 
dstaai  rectors.  Tho  specification  of  rector  starting  points  require 
the  transaittai  of  threa  words*  however  rector  sod  points  sod  chained 
rectors  require  fire  words  »  op-code*  X  position*  t  position*  AX  sr 
if. 

Tho  construction  of  a  rector  is  bogtai  bp  defining  mo  wad  point  via 
tho  first  three  rector  ccanand  words.  The  op-code  word  with  the  rector 
start  hit  sst  to  "1"  is  traasaitted  plus  the  X  and  Y  positional  values. 
■Manner  tho  rector  start  bit  is  set*  the  bean  notion  will  be  blanked 
cad  tho  AX  sad  AY  values  need  not  be  traasaitted.  Xa  response  to  these 
throe  words*  the  display  positions  the  bean  to  the  proper  coordinates 
on  tho  or. 

TO  actually  draw  tho  rector*  the  other  rector  end  point  is  dofinsd 
ariag  All  fire  words.  Tho  been  is  mblmhod  sad  novas  to  the  how  end 
paint  ct  a  constant  velocity  —  thus  constructing  the  toaaaadod  vector. 
Vectors  oca  be  chained  together  by  continuously  specifying  new  vector 
cal  ■points  (one  at  a  tins)  using  the  couplets  rector  csaaaad  of  fire 
weds.  AX  sad  AY  are  tho  arlthaetic  differences  betwere  the  and  coord¬ 
inates  and  the  storting  coordinates. 

JL1.S  NO-OP  COKAND 

this  esaased  causae  as  action  on  tho  display. 

a.1.4  ■men  comm 

the  teach  Cfluawd  can  bo  used  to  came  the  display  to  Jap  to  aiotbor 
section  of  f»4  amor y  aad  to  ooatiaw  accessing  display  ooamad  reeds 
starting  st  tbe  now  address.  The  now  address  is  smpsoed  of  13  bits  - 
U  hits  are  stared  in  word  2  ef  tbs  eaanmd  and  tbn  Host  tlpdflooat 
Mt  0>t).  cnUsd  "trench  High",  Is  stared  U  word  1. 

a.i.s  carnot  catnap  i 

This  aoaamd  is  used  tn  sithor  sst  the  intensity  level  ef  the  display 
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either  operation.  A  logical  1  in  tha  erase  data  bit  associates  the 
6  bits  with  the  erase  operation;  likewise,  a  1  in  tha  Intensity  Data 
bit  defines  the  data  as  intensity  controls. 

A.1.S.1  Erase 

The  MSB  in  the  6-bit  data  field  being  set  places  tha  display  in 
a  selective  erase  node.  In  this  node,  subsequent  unblanked  bean  notion 
cesses  synbols  in  its  path  to  be  erased.  A  different  Control  Connsad  1 
Host  be  transaitted  to  reset  the  selective  erase  bit  when  leaving  this 
■ode  of  operation. 

a 

The  second  nest  significant  bit  being  set  places  the  display  in  the 
flood  erase  node.  Za  this  node,  the  entire  display  area  is  erased  —  either 
oonpletely  or  partially  depending  on  the  duration  of  the  erase  pulse.  The 
last  4  bits  of  data  define  16  levels  of  erase  duration  according  to  the 
fallowing  convention:  all  4  bits  being  0  gives  the  nasi  nun  erase  period, 
while  all  bits  set  to  a  1  gives  the  nialnnn  erase  period.  A  single  flood 
erase  ection  will  occur  each  tine  such  a  conaand  is  Issued. 

A.1.S.2  Intensity 

The  sis  data  bits  are  used  to  provide  64  synbol  intensity  levels 
using  the  following  convention:  the  all  seres  value  turns  the  intensity 
eff,  while  the  all  ones  value  select  the  ansinun  intensity.  Once  an 
Intensity  level  is  established,  it  resales  active  until  a  subsequent 
Intensity  eammad  is  issued  to  change  the  value. 

a.1.6  comoi.  von  2 

This  control  enonsod  is  used  to  tmnsnit  nultiple  Off  selections, 
boon  settling  tins  delays,  and  character  else  selections  to  the  display. 
Pear  data  bits  are  provided  to  swpplensat  the  selected  Auction  as 
described  below. 


*  • 
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JL1.4.1  Off  Selection 

Man  tho  display  systen  us  as  acre  than  on*  C*T  it  is  necessary  to 
roots  the  syabols  to  the  proper  OCT.  This  is  accoaplished  by  tho  4  bits 
of  data  as  follows: 

Ht  1  -  OT  #1  Solset  -  This  bit  being  sot  rout  as  all  subsequent 
data  to  OT  »1. 

lit  2  -  This  bit  boiag  sot  will  routo  subsequent  syabols  to  CUT  #2. 
lit  3  4  4  -  Spare. 

If  neither  Bit  1  or  2  is  set*  all  subsequent  syabols  will  not  appear 
so  either  display. 

A.l.d.2  Foaitioninc  Delay  Selectioo 

11a  4  data  bits  select  the  aaouot  of  •’settling"  tine  allowed  to 
yeeitioo  the  beaa  prior  to  constructing  the  requested  syabol.  Mien 
all  these  bits  are  sero,  a  raadoo  positioning  delay  is  selected  that  is 
adequate  tor  any  deflection  over  tho  entire  screen. 

.Bit  1  -  1/2  Screen  Delay  -  This  delay  can  be  used  to  save  tine  if 
the  position  change  between  syabols  is  less  than  1/2  the  screen 
width  la  both  axes. 

Bit  2  -  1/4  Screen  Delay  -  This  allows  additional  tine  savings  for 
deflections  less  than  1/4  the  screen  width  in  both  axes. 

Bit  I  -  Bet  used  -  oust  always  be  0. 

Bit  4  -  Type  Mode  Delay  -  This  bit  being  set  eausee  the  alal— 
petitioning  delay.  Xt  is  used  between  successive  characters  on 
n  typewritten  line. 

>  ' 

A.l.4.3  Character  Site  •  The  4  date  aedifier  bite  are  need  to  select 
one  of  Id  character  sises  according  to  tho  following  convention:  all 
4  hits  boiag  0  select  tho  snallest  character  site,  while  all  4  bits 
bedag  1  select  tho  largest  character  site. 


A.  2  DATA  TRANSFER  METHOD 

The  PCF-I  used  two  methods  of  data  transfer  to  com ualcate  with  t ho 
DOT  display.  Tho  first  aethod  is  called  Porgremed  Data  Transfer  (PDT) 
ad  involves  control  information  being  sent  to  the  display  directly  fron 
the  PDP-I  accunulator.  The  other  aothod,  called  Data  Break  Transfer 
0»T)  is  a  high  speed  direct  nneory  access  approach  whereby  the  display 
fetches  data  directly  fron  the  POP -I  aoaory  as  it  requires  it. 

Tho  computer  conbines  both  of  these  Mthods  to  effectively  transfer 
conmad  words  to  the  display  systoa  using  the  interface  lines  shown  in 
Figure  A-2.  The  operations  involved  in  a  typical  transfer  are  described 

below. 


Mm  the  conputer  has  new  data  to  be  output  to  the  display,  it 
constructs  the  required  sequential  display  coaaand  words.  The  words 
are  stored  in  list-fora  in  a  block  of  PDP-B  aoaory.  tfhen  the  list  is 
complete,  the  data  transfer  to  the  display  is  ready  to  coanoace.  The 
transfer  of  the  ectual  display  conaaml  words  takes  place  using  the  Data 
Break  method.  However,  the  conputer  initiates  the  transfer  by  sending 
tae 'Programed  Data  Transfers  to  the  display  —  one  specifies  the  starting 
address  of  the  data  list  sad  the  other  specifies  the  word  count.  The 
display  senses  all  progrsanerl  data  outputs  using  its  Device  Selector 
taction  to  select  the  particular  ones  addressed  to  it  and  to  reject  the 
ethers.  Hhea  the  proper  device  address  coapare  results,  the  Device 
Selector  accepts  the  data  fte a  the  POP-4  accwsu later  end  loads  it  into 
tho  appropriate  counter  —  either  address  or  word.  Mien  both  cots'*  era 
have  boon  loaded,  the  Interface  Control  logic  is  notified  and  ths  Data 
Break  Transfer  operation  le  reedy  to  begin. 

Tho  display  sends  12  bits  of  iddrsis  (these  received  tan  the  POT) 

■ed  raises  ths  Break  Baqusst  signal  to  the  Data  Break  latartaa.  It 
also  holds  the  Transfer  Direction  nd  Single  Cycle  interface  lines- in 
the  proper  state  to  cause  an  output*  transfer  tan  the  PDP-B  in  the 
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itagU  eye  la  ao da.  Shea  tha  POP-*  la  ready  to  sarviea  tha  Break  Request, 
it  steraa  tha  aseory  address  free  tha  display,  issues  tha  Break  State 
sad  Address  Accepted  signals,  tad  fetches  data  froa  the  requested  aaaory 
locatloa.  Khan  the  POP  •  has  stored  the  accessed  data  in  its  Maaory 
laffer  Register,  it  issues  the  BTSl  and  STSJ  pulses  to  signal  the  display 
that  the  requested  data  is  available  an  the  Hsuory  Buffer  Oeta  lines. 

The  display  incrassats  its  address  counter,  decreaents  its  word  counter 
sad  stores  the  data  in  a  12  bit  data  buffer  register.  The  first  word 
received  is  an  op-code  word,  which  is  iaaedlately  processed.  The  display 
does  not  teset  the  Break  Request  signal  at  this  tine;  it  is  held  active 
to  request  another  aaeory  aceesa  froa  the  POP-t. 

Dm  op-code  word  is  processed  by  decoding  the  op-code  end  routing 
the  valuing  bite  to  the  appropriate  register:  character  code,  control 
ward  1  or  control  word  2.  Tha  no-op  rnaaanif  is  not  routed  to  any  register 
sad  therefore  it  does  have  aay  effect  on  the  display.  The  op-codas  for 
the  aultlword  rnaandi  are  stored  in  the  op-code  decoder  and  used  in 
conjunction  with  a  2  bit  countar  to  route  the  data  words  which  follow 
ta  the  appropriate  register:  X,  Y,  AX,  AY  or  address. 

• 

The  Break  Requtst  signal  valns  active  and  the  display  continues 
ta  fetch,  buffer,  route  and  store  data  words  until  the  Interface  Control 
lacle  tenses  that  all  the  data  words  for  one  character  or  one  vector 
oaanand  have  been  received.  The  display  knows  that  it  ha*,  received  all 
the  words  associated  with  one  ceaasad  whan  it  senses  that  n  subsequent 
ep  code  word  (detectable  as  MSB-0)  has  been  stored  in  its  date  buffer. 

Dm  display  t  sap  ororily  holds  tha  sahsaqusat  op-coda  word  in  Its  Data 
■•ffer  sad  does  net  process  it  until  the  previous  eoansad  has  boei 
easoMed.  At  this  tint,  tha  Interface  Control  logic  vats  tha  Break 
■aqaaat  signal  to  taopemrlly  discontinue  the  data  flow  sad  it  thoi  aig- 
aals  the  display  to  procsss  the  character  or  vector  coved.  Dm  display 

boon  completed,  tha  display  loavos  the  busy  state  and  the  latsrfScs 
Control  logic  is  again  enabled  to  fetch  words  froa  tha  POP-*  a_jory. 

t 
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Tha  Branch,  Control  lord  1,  and  Control  2  eennoads  art  proctsaad  1— wdlattly 
and  therafova  do  not  raquira  tha  display  to  antar  tha  busy  atata. 

Tha  display  continues  its  processing,  ona  eoonsnd  at  a  tin*,  until 
tha  Interface  Word  Countar  is  dacrsnantad  to  xaro.  Than  tha  interface 
ap  oration  caasaa  and  tha  display  gansratas  a  Progran  Zatarrupt  to  infora 
tha  POP-4  that  it  has  rand  and  procassad  all  of  tha  spaeifiad  data. 


% 
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DA!}' A  DISPLAY  TECHNOLOGIES 
INDUSTRY  REVIEW 
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The  purpose  of  this  Technology  Note  is  to  list  the  device 
technologies  that  ere  presently  being  utilised  or  considered 
to  produce  displays  for  alphanumeric  and  graphic  portrayal 
of  information  forms  pertinent  to  a  terminal  (tower)  information 
processing  system.  In  addition,  where  applicable,  the  extent 
of  the  application  of  the  technologies  to  available  devices  is 
described,  and  an  indication  of  the  pertinent  performance 
levels  is  included. 

The  sources  of  information  include  published  advertisements,' 
published  technical  journal  papers,  measurements  directly  on 
devices,  demonstrations  of  devices  and/or  technologies, 
technical  discussions  with  industry  and  government  engineers, 
and  reference  material  from  texts. 


The  following  list  enumerates  the  basic  technologies  that  have  been 
reviewed  fot  possible  application  to  the  flight  data  display  program 
for  towers  and  TRACONS: 

1.  Direct  view  cathode  ray  tube 

2.  Projection  display  from  stored  image 

3.  Direct  view  mechanical 

4.  Direct  view  solid  state 

5.  Direct  view  gas  discharge  (plasma) 

6.  Loser  scanned  projection 

1.  Direct  View  Cathode  Ray  Tube 

Direct  view  CRT's  comprise  the  largest  groups  of  dirplay 
device  types  in  use  in  the  FAA.  Limited  .\izc  and  shape  configura¬ 
tions  are  available,  and  special  sices,  round,  square,  or  rectangular 
are  within  the  technology  capability,  up  to  a  diameter  of  36  inches. 
High  radiu-.  of  curvature  (flat  tube)  requirements  limit  the  practical 
size  to  a  20-inch  (viewable)  diameter  for  safety  purposes.  Develop¬ 
ments  in  front  surface  treatments  and  optical  handpais  filters  permit 
CRT's  to  be  viewed,  at  adequate  but  reduced  performance  level*,  ir. 
direct  sunlight  conditions.  L 

The  need  to  refresh  CRT's  imposes  limitation  on  the  amnv.it 
of  data  that  can  be  displayed  on  a  *i.»;;lo  CRT,  and  the  capability  for 
data  enhancement  by  the  use  of  polv chromatic  techniques  is  not 
easily  nor  inexpensively  added. 

Present  costs  range  from  about  $lOf*  for  commercial  or  enter¬ 
tainment  type  CRT's  In  quantity  to  $900  for  specialty  designed  CRT’s 
with  specially  designed  fillers.  These  prices  can  expect  to  increase 
primarily  because  of  glass  costs  and  the  higher  costs  of  small 
'  quantities  (1000)  for  FAA  purposes. 

Improvements  in  phosphor  effic  iency,  gun  efficiency,  deflection 
sensitivity,  and  spot  site  can  be  expected  in  the  near  term  when 
coupled  with  specific  requirements  and  development  programs. 

2,  Projection  display  from  atored  Image 

a.  Deformographics 

b.  Liquid  crystal 

c.  Photochromic,  thermochromlc,  elec trochromlc 
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A.  Deformographica 

Deformographica  display  devices,  coupled  with  a  Schlieren 
projection  system,  have  reached  a  technology  level  that  permits  them 
to  display  polychromatic,  high  resolution,  controlled  persistence, 
long  storage  graphics  and/or  alphanumerics  under  diverse  ambient 
brightnesses  on  a  flat  uisplay  surface  that  is  nonreflective,  inherently 
safe,  and  unlimited  as  to  shape  within  a  practical  display  diameter 
limit  of  approximately  8  feet.  As  compared  to  a  graphics  A/N  CRT, 
it  can  display  approximately  four  times  the  data  with  no  flicker. 
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The  only  part  of  this  device  that  is  technologically  sensitive 
is  the  deformable  target.  Over  150  targets  have  been  assembled 
into  small  CRT  bottles  by  two  different  vendors  in  order  to  establish 
operational  reliability  and  reproducibility. 

The  performance  level  of  the  target  is  satisfactory,  and  further 
scheduled  development  is  well  underway  to  produce  targets  for  specific, 
limited  range,  performance  for  individual  applications. 

Present  costs  for  individual,  multipurpose  evaluation  consoles, 
operating  as  stand-alone  Intelligent  terminals  are  probably  in  the 
$100,000  to  $200,000  range. 

Near  term  display  system  costs -in  production  quantities  are 
expected  to  be  in  the  $10,000  to  $15,000  range. 

The  actualfin  quantity)  costs  for  the  two  main  parts  of  the 
system,  over  and  above  a  CRT  terminal,  are 

a.  Optical  system  •  $300 

b.  Deformographic  Stoarage  Display  Tube  -  $250  -  $300 

These  one-time  costs  are  small  compared  to  the  overall 
cosbof  a  display  terminal. 

The  ISO- watt  projection  lamp  is  expected  to  cost  $300>400 
per  year. 

This  display  device,  because  of  ita  versatility,  may  be  applied 
as  an  approach  towards  a  "universal"  display  ayatem. 
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B.  Liquid  Crystal 

Liquid  crystal  slides  of  approximately  1  to  4  square  inches  have 
been  developed  as  light  valves.  A  source  of  an  image  must  be 
separately  provided,  and  the  imago  projected  onto  the  crystal. 

No  commercially  available  devices  exist  today,  but  many 
are  in  the  development  stage.  Resolution  capability  is  expected 
to  be  very  high  but  the  device  has  not  been  evaluated  to  the  degree 
that  would  permit  even  cautious  optimism. 

Because  it  would  utilise  a  similar  Schliercn  projection  system, 
it  may  be  compatible  with  dcformographics  for  certain  monochromatic 
high  resolution  applications. 

C.  Photochromic,  Thermor hromic,  Elect  rochromic,  etc. 

There  are  a  number  of  technologies  that  h.»ve  resulted  in 
demonstratahle  devices  that  have  h^d  potential  for  ATC  di.-plays. 

The  photochromies,  theroiochromics,  and  cathodocl.romics  are 
CRT's  with  special  storage  coatings  in  place  of  the  phosphor.  The 
slow  response,  slow  erasure,  reflection  inefficiency,  and  projected 
contrast  ratios  have  caused  these  devices  to  he  cclipi.cd  by  the 
dcformographics  storage  display  tube  ar.  an  im;.gp  generator. 

Eloctrochromics  is  a  solid  state  version  of  a  digitally  controlled, 
chemically  coated,  point  addressable  array,  which  can  alter  the 
reflectivity,  or  color,  of  an  addressed  point  under  digital  control. 

The  image  is  projected  by  Schlicren,  Schmidt,  or  other  conven¬ 
tional  optical  means. 

A  direct  view  display  of  electrochromies  is  also  under  consid¬ 
eration. 

Projection  display  systems  provide  a  particular  advantage  for 
the  air  traffic  control  function.  Even  though  the  final  display  sixe 
may  be  in  the  1 -square  foot  to  8-square  feet  range, 

a  -  projection  displays  can  be  adjusted  to  provide  irregular 
display  areas  for  optimum  console  use, 

b  -  they  can  be  adjusted  to  allow  variable  display  else  for 
varying  viewing  distance  conditions. 


c  -  they  can  be  standardised  for  multiple  applications  using  the 
same  basic  hardware, 

d  -  they  can  utilise  the  best,  highest  resolution,  highest  contrast,  etc. 
(depending  on  requirements)  imago  sources,  even  though  the  sources 
may  be  severely  limited  hi  size  due  to  manufacturing  technology, 

e  -  they  permit  upgrading  of  the  image  source,  as  technology 
allows,  without  major  electrical  hardware  changes,  and  no  optical 
havdware  changes. 

3.  Direct  View  Mechanical  * 

a.  Mechanical  projection,  small  scale 

b.  Passive,  magnetic  movement 

a.  Device  development  has  been  limited  in  this  area  due  to 
great  competition  from  solid  state  devices.  Multiple  legend  devices, 
where  pc  redetermined  and  fixed  formatting  is  acceptable,  can  be 
applied  for  small  data  di-.pla/r. 

Where  cost  and  space  arc  prime  considerations,  several 
square  inches  can  be  allotted  to  one  of  »  number  of  this  typo  of 
indicator. 

b.  A  recent  development  hai»  been  in  the  area  of  digitally 
controlled;  magnetically  actuated,  magnetic  particles.  By  addressing 
a  small  area,  the  pai  tides  in  that  area  are  rotated  to  produce  a  con* 
trasting  color.  This  has  not  been  demonstrated,  but  the  concept  is 
under  study  by  industry. 

4,  Direct  View,  Solid  State 

a.  Light  Emitting  diodes 

b.  Liquid  crystal 

c.  Thin  film  (  Electroluminescent) 

a.  LED's  are  commercially  available  ae  low  cost,  high  relia* 
bility,  high  contrast  Individual  character  display*.  They  can  be 
stacked  to  produce  arrays  that  have  a  practical  limit  only  with  respect 
to  the  addressing  technique  that  connects  the  LED's  and  provides  data 
control  and  refresh.  For  displays  up  to  500  character  positions,  practi¬ 
cal,  devices  have  been  made  and  demonstrated.  The  use  of  alpha/ 
numerics  and  TTY  character  fonts  is  restricted  to  a  5  x  7  dot  matrix. 


They  are  very  amenable  to  custom  sized  arrays,  but  the 
smallest  character  size  Is  approximately  0.3  inches.  At  least 
4  colors  arc  available,  but  only  in  separate  characters.  The  next 
generation  of  LED  devices  will  be  using  doped  GaP  or  GaAs  and  will 
be  able  to  generate  four  colors  under  digital  control  within  a  single 
character. 

b.  Liquid  crystal  devices  are  beyond  initial  stages  of  develop¬ 
ment  and  arc  being  used  for  small  character  size  displays  such  as 
cl?ck!»,  wrist  watches,  calculators,  etc.  They  cannot  be  fabricated 
in  panels  larger  than  a  few  square  inches.  The  high  resolution  poten¬ 
tial  indicates  a  future  use,  as  an  image  control  and  light  amplifier  in 
a  projector  system,  which  could  be  quite  small  in  size.  For  the  near 
future,  it  is  not  an  applicable'  technology.  It  requires  an  optical 
source  at  present  for  the  information;  however,  their  film  tech¬ 
nology  developments  (see  below)  have  been  successfully  applied  to 
produce  larger  dot  arrays,  which  appear  to  hold  greater  promise 

tor  applying  the  technology.  The  dot  array  concept  place*,  a  discrete 
LCD  at  a  digitally  selected  point  as  an  electronically  switched  soot 
that  can  act  as  a  controlled  on/eff  light  reflector.  A/N  are 
produced  on  a  matrix  bn:;is.  Questions  abv.it  life  and  failure  modes 
have  not  been  ;.atisf..c tvirily  answered  to  encourage  larger  sized 
displays. 

c.  Thin  film  -  Wcstin^honsc  Research  Lab;  have  been  abler 
to  develop  a  method  of  using  thin  film  technology  on  a  glass  plate 
to  deposit  the  control  and  drive  circuits  for  a  dot  addressable 
display  system  in  an  area  small  enough  to  be  covered  by  the 
addressed  dot.  This  appears  to  solve  an  addressing  and  hardware 
problem  for  panels  of  LCD  or  electroluminescent  materials,  which 
•  re  applied  also  using  thin  film  techniques.  The  addressing  of 
portions  of  one  million  dots  (for  <*>  1000  by  1900  point  display)  is 
still  considered  the  limiting  factor  to  practical  digital  panels.  They 
havo  demonstrated  their  techniques  on  a  6  inch  by  6  inch  panel  with 
14,  000  points. 

5.  Direct  View  Plasma 

PUima  panels  are  manufactured  by  at  least  four  companies 
and  permit  displays  up  to  ZS6  characters,  or  8.  5  by  8.  5  inches  in 
the  case  of  the  discrete  point  address  type. 


Owens  •Illinois  produces  several  sizes  up  to  8.  5  x  8.  5  inches 
and  appear  to  see  a  limit  at  17  inches. 

Burroughs  produces  many  types  up  to  an  8  x  32  character 
display,  and  a  12  x  40  character  display  will  be  marketed  at  the 
end  of  1975. 

Control  Data  Corporation  produced  a  number  of  sizes  up  to 
16  by  80  or  20  x  64  characters.  They  have  also  built,  for  the 
Air  Force,  an  8-inch  by  32-inch  panel  with  a  resolution  of  33  lines 
per  inch. 

Plasma  panels  presently  suffer  from  low  contrast  in  high 
ambients,  but  can  be  applied  as  small  package  displays  in  or  near 
existing  consoles  in  TRACON  environments. 

Questions  relating  to  life  and  reliability  still  have  not  been 
adequately  answered. 

Multicolor  types  are  not  presenlly  practical,  but  developrrtf .  * 
in  several  color  technologies  are  Mnderway. 

6.  Laser  Scanned  Proj^ition  Systems 

At  least  two  approaches  are  being  pursued  for  utilizing  the 
high  energy,  small  spot  size  laser  beam  to  create  a  display. 

Several  companies  market  a  laser  projector,  which  is 
analogous  to  a  large  CRT  without  the  glass  bottle.  A  laser  beam 
is  mechanically  or  electrically  scanned  to  sweep  an  image  on  a 
screen.  This  has  proven  successful  but  the  size  of  the  package 
does  not  presently  permit  its  practical  consideration  for  smaller 
display  systems.  It  was  designed  as  a  large  screen  projector. 

Similarly,  a  laser  is  used  to  scan,,  a  barium  coated  thermo¬ 
plastic  film,  which  is  then  used  in  a  Schlieren  projection  system. 
This  can  be  packaged  in  general  cubic  feet,  and  may  be  a  potential 
competitor  for  other  medium  and  Urge  screen  projection  systems. 
This  device  does  not  reuse  the  film,  but  the  technology  exists  to 
incorporate  a  reuseable  film  process  in  the  system. 

Laser  devices  are  not  under  consideration  as  small  display 
devices. 
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orrcRi'^GRApmc  storage  display  system 

STATEMENT  OF  KOR1C 
Kay  30,  1974 
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Section  1 
INTRODUCTION 


Hi*  intent  of  this  procurement  is  to  obtain  a  Deforao graphic  Storage 
Display  Tube  (DSDT)  console  from  the  International  Business  Machines 
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Corporation  (IBM).  This  is  to  be  a  prototype  console  for  evaluation 
purposes.  It  will  be  used  at  the  Federal  Aviation  Adninstrat ion's  (FAA) 
National  Aviation  Facilities  Experimental  Center  (NAFEC)  to  assess  tho 
potential  of  such  a  device  for  use  in  tho  National  Airspaco  Systea. 

i 

The  equipment  to  be  provided  is  described  in  the  applicable  sections 
of  tho  "Engineering  Requirement  for  a  Defornographic  Storage  Display 
Systea"  (Eft)  dated  May  IS,  1974.  Since  the  ER  is  written  to  cover  various 
configurations  and  options,  this  work  statement  defines  the  particular 
requlrcoents  that  are  applicable  to  this  procurement.  Section  3  contains 
references  to  every  section  of  tho  ER  and  defines  the  spplicnbility  of 
each  provision  of  the  EX  to  this  specific  procurement. 

Section  2  defines  the  scope  of  this  contract  and  Appendix  A  provides 
a  technical  description  of  the  interface  between  the  equipment  to  be 
provided  under  this  contract  and  the  FAA's  PDP-8  computer  which  will  be 
used  to  control  this  equipment. 
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Section  2 
SCOPE 


Tho  actual  equipment  to  be  delivered  under  this  contra^  is  that 
described  in  sections  3*3.1  and  3. 3. 1.1  of  the  ER  as  further  delineated 
in  the  associated  paragraphs  in  section  3  of  this  Statenent  of  Work. 

The  contractor  shall  be  responsible  for  all  design,  developRcnt,  fabrica¬ 
tion,  checkout  performance  testing  and  deliver/  of  the  equipment  identified 
in  stetiou  3  horuin. 

Certain  other  items  and  activities,  such  as  spare  parts,  installation 
services  and  site  acceptance  tests  will  be  provided  by  the  contractor, 
if  requested  by  the  FAA  in  accordance  with  the  provisions  of  section  3 
<c.v<  t,  but  at  additional  cost  over  and  above  the  basic  Scope  of  this 
procurement. 

'»■!<'  anticipated  period  of  performance  is  270  days  frem  contract 
award  ».o  delivery  at  the  MAFEC  facilities. 


Section  3 

ENGINEERING  REQU  1  RLMENT  CROSS  REFERENCE 

The  following  paragraphs  define  the  applicability  to  this  specific 
procurement  of  each  individual  section  in  tho  ER  dated  May  15,  1974.  All 
of  the  following  references  in  which  the  synbol  "S'*  is  used  to  indicate 
a  section  number  refer  to  the  designated  sections  of. that  ER. 

il.  Directly  applicable  to  this  procurement  with  tho  understanding 
that  the  ER  covers  various  configurations  and  options  which  may  bo  pro¬ 
cured  at  a  later  date,  but  this  procurement  involves  only  a  single  con¬ 
figuration  and  certain  specific  provisions  of  the  ER  as  further  defined 
below. 

S'?  -  2.3.3  As  stated  in  the  51  of  the  ER,  th'vic  documents  would 
apply  to  any  future  procurement  of  equipments  for  actual  esc  in  the 
National  Airspace  System,  but  are  to  bo  "used  as  a  guide  whet  ever  feasible" 
ia  this  contract. 

52.4  Directly  applicable  with  the  understanding  that  this  Statement 
of  Work  (SOW)  is  a  part  of  the  contract  referred  to  in  (a). 

<3. 1  Sane  applicability  as  51.  Further  definition  of  interface 
requirements  is  provided  in  Appendix  A  of  this  SOW. 

53. 1.1.1a  This  contract  is  for  an  En-Routc  Console  Equipment  con¬ 
figuration  as  further  defined  in  reference  to  53.3.1.1. 

53,1.1.1b  Not  applicable  to  this  contract. 

13.1.1.2  -  3. 1. 2.S  Applicability  to  this  contract  is  as  defined 
h alow  in  reference  to  53. 4. S  -  3.4.8  and  53.6  -  4.6. 

53.2  Directly  appl.cr.blc  to  this  contract. 
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>3.3.1  Items  a,  c  and  d  are  applicable  to  the  extent  defined  herein. 
Item  b  is  not  applicable  to  this  contract.  Only  an  Un-Route  console 
configuration  is  covered  by  this  contract. 

53. 3.1.1  The  Covernoent  Furnished  Uquipoent  referenced  in  this  section 
shall  be  delivered  to  the  contractor's  facility  within  30  days  of  direction 
by  the  FAA  to  proceed  on  this  contract.  The  equipment  to  be  installed 

in  the  console  under  this  contract  shall  consist  of  the  following: 

1) 

2) 

3) 

4) 

5) 

6) 

>3. 3.1.2  Hot  applicable  to  this  contract. 

>3. 3. 2  Directly  applicable.  The  contractor  is  not  required  to  take 
corrective  action  (except  by  proper  application  of  the  changes  clause  of 
this  contract)  to  circumvent  any  discrepancy  of  the  Governaent's  PUP-8  . 
or  its  interface*  from  the  descriptions  contained  in  the  referenced  docu¬ 
ments  as  provided  to  the  contractor  by  the  FAA. 

13.4.1  Only,  the  En- Route  console  configuration  as  further  defined 
herein  is  applicable  to  this  contract. 

13. 4.2  Directly  applicable  to  this  contract. 

VI. 4.  y  "a?  applicable  to  this  procurement. 


One  Deforaaigraphic  Storage  Display  Tube  (DSDT). 

One  light  source  and  one  Schlicren  optical  system. 

The  deflection  drivers,  video  driver  and  erase-  circuitry  required 
for  one  DSDT. 

C  .c  set  of  electronics  as  define J  in  suh‘«  c.ron  (^|)  i.i  this 
section  of  the  ER. 

C.ic  viewing  screen  as  defined  in  >3.4.2. 

Thoso  power  supplies  required  for  the  equipment  defined  in  1) 
through  4)  above. 


,  13.4.4  -  3.4.4. 2  So  modification  of  existing  designs  or  design 
practices  are  required.  Applicability  is  as  defined  in  reference  to  51. 

13.4.4.3  -  3. 4. 4. 4  Directly  applicable. 

13.4.4.5  Directly  applicable.  The  PDP-8  is  considered  to  be  in  The 
category  of  "available  test  equipment"  mentioned  in  this  section. 

13.4. 5  Outside  the  scope  of  this  i&mediate  procurement. 

53.4.6  Thl3  requirement  na-'  be  satisfied  by  providing  a  list  of  the 
standard  test  equipment  used  by  the  contractor  in  maintaining  this  equip¬ 
ment. 

13.4.7  -  3. 4. 7.2  Directly  applicable. 

j3.4,3  Directly  applicable  with  the  understcr.ding  that  the  actual 
cost  and  procurement  of  any  spares  is  outside  the  scope  of  this  procurement 

13.4.9  -  3. 4.9. 3  These  paragraphs  indicate  the  Mean  Up  and  Dost. 

Tices  that  the  FAA  desires  that  equipment  of  this  type  will  achieve. 
However,  they  "are  not  subject  to  tests  or  demonstrations"  and  do  not 
constitute  a  warranty  of  any  kind. 

53. S  -  3. 5. 7. 4  Directly  applicable  except  for  any  references  to  a 
deal -tube  configuration.  It  is  understood  that  v»hile  all  of  the  optical 
steps  described  in  3.S.S.1  will  be  provided,  color  is  considered  a  poten¬ 
tial  growth  feature  and  no  specific  color  performance  is  required,  nor 
will  any  special  electronics  to  generate  color  data  be  provided  under  this 
contract.  It  is  further  understood  that  the  phrase  "written  only  once" 
in  i.i.'j.l  does  not  prccludo  multiple  scanning  of  data  in  the  process  of 
».Titi n-j  that  data  as  long  as  the  writing  rates  of  13.  S.  14.  J  are  satisfied: 
but  rather,  is  scant  to  preclude  any  refresh  of  that  data  as  with  a 
conventional  phosphor  uRT, 


C-S . 
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13,5.7.5  Not  applicable. 

S3.S.8  -  3.5.14  Directly  applicable,  except  3.S.9  which  has  been 
deleted. 

13. S. 15  The  interface  requirements  of  this  equipment  with  the  PDP-S 
shall  be  as  defined  in  Appendix  A  of  this  SOW.  All  programing  of  the 
TOP-S  and  other  activities  required  to  define  zrd  control  the  data  and 
icr-.»t s  to  be  displaced  by  this  equipment  aie  outside  the  scope  of  this 
procurement. 


S3.o.  1  it  is  anticipated  thrt  t!’.e  bulk  of  the  documentation  provided 
by  the  contractor  will  be  copies  of,  or  derived  from,  documents  in  existence 
at  the  tine  of  contract  award.  Therefore,  in  erder  to  reduce  the  expense 
to  the  government,  the  primary  rc  ;ui rvnent  is  th.  t  they  be  readable  and 
usael*  for  the  purposes  defined  herein,  Except  as  otherwise  stated  in 
the  applicable  sections  of  the  ER  or  this  SOW,  delivery  of  *>•: .  copy  of 
<*r.rh  required  docuoent  shall  be  p.  ..la  r.o  later  than  at  the  tire  of  deli*  cry 
°r  the  prire  equipment  under  this  contract. 


13,6. 2  Directly  applicable. 


13.6.  3  Directly  applicable.  Ti-.e  data  Intended  by  the  phrases 
"control  requirements,  special  software  sequences  necessary  to  the 
jOTfomnco  of  the  DSDT  s/sten”  is  that  found  in  Appendix  A  of  t^iis 
4U\:. 

*3.6.4  This  plan  shall  bo  submitted  at  least  120  dn> s  prior  to 
the  tart  of  Acceptance  Testing.  Approval  and/or  comments  will  he  provided 
by  the  FAA  within  30  days  of  receipt  of  this  plan. 

S*. ai’.J  3.6  .<>  These .procedures  and  sample  test  data  sheets 
'ha  •  1  be  r.ubnittcd  at  least  <1  days  prior  to  the  start  of  Acceptance 
1<  -?iv*,  •  r.J  the  1'\'n  fq,cn.c,  eitlvr  rpprovinr;  at  cotwiot jng  (?n  *he 
•  i-’  -issio.i,  > h a  1 1  be  provided  within  iO  days. 


<3.6.8  and  3.6.9  Directly  applicable. 

>3.6.10  TIi i s  list  shall  be  provided  no  later  than  120  days  from 
contract  award.  The  actual  provision  of  any  and  all  spare  parts  is  out¬ 
ride  the  scope  of  this  contract. 

• 

>3.7.1  Installation  naterials  and  services  shall  be  provided  by 
ihe  contractor  as  requested  by  tho  FAA  on  the  basis  of  actual  time  and 
uutcrials,  based  on  the  mar.  day  rates  and  other  considerations  specified 
in  the  cost  portion  of  this  contract,  over  and  above  the  base  cost  of 
this  procurement . 

13.7.2  and  3.7.3  Directly  applicable. 

<4.1  -  4.2.3  Directly  applicable,  except  that  if  the  FAA  elects 

to  hold  site  acceptance  tests  under  the  meaning  of  these  sections,  the 

per  .'or  nance  of  these  tests  by  the  contractor's  personnel  shall  be  at  the 

r.  mi -day  rates  esrabl ish<v>  by  this  contract  and  shall  be  over  and  above 

lie  base  cost  of  this  procurement.  Notification  of  intent  to  hold  site 

cswcptancc  tcs.s  shall  be  made  by  the  FAA  at  least  60  days  prior  to 

d  l:\r-y  of  the  equipment. 

» 

>4,3  "hese  records  may  be  copies  of  informal  notebooks  kept  by 
the  engineers  and  technicians  in  the  process  of  system  debugging. 

>4.4  and  4.S  Directly  applicable,  except  for  I  EM- owned  propiiutary 

data. 

»4, 6  access  to  such  facilities  as  are  listed  in  this  section  will 
be  u-^/idrd,  hut  not  necessarily  for  the  exclusive  use  of  an  FAA  Inspector 

;5.I  ",ie  F0i»  dcst  mat  ion  shall  be  the  NAFI1C  facilities  at  Atlantic 
<  it,*.  ”J. 
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Appendix  A 
FDP-8/DSDT  INTERFACE 

A.  1  DISPLAY  CO'-MAND  KORDS 

The  PDI’-S  Co-put cr  controls  the  DSDT  display  by  transmitting  coraitands 
owe  its  12-bit  interface  to  the  display.  The  coeenands  specify  pertinent 
control  iiu'ornaiion  and  define  the  syr.bols  which  are  to  be  added  to  or 
deleted  i'rcn  the  display.  The  various  types  of  12-bit  corriund  voids  and 
their  bit  contents  are  shorn:  in  Figure  A-1-. 

Tl;e  cottar  nd  words  are  ccr.po.icJ  of  op-code  bits  and  data  bits.  The 
root  significant  hit  of  each  corvind  word  is  used  to  differentiate  an 
op- 1  ode  '.oid  fro:  data  word  (a  0  defines  an  op -code  vord).  The  next 
tost  significant  bits  in  an  op  code  weed  define  the  type  of  con>ia:id  being 
t.w.ifiittcd  --  either  chai  icter,  vector,  no-cp,  branch  or  control.  The 
various  types  of  ccnnands  are  considered  individually  below. 

A .1.1  QiARACTER  CONMXND 

The  character  co;nand  is  used  to  specify  randonly  placed  characters 
to  the  display,  it  requires  the  tranrrittal  cf  three  words  --  the  first 
ce  tainirg  the  * p-codc  ai.J  character  cede,  the  second  the  X  position  of 
the  character,  and  the  third  the  Y  position.  The  X  and  Y  valuer,  define 
tiie  coordinates  on  the  CRT  where  the  center  of  the  character  is  to  be 
pieced.  The  charterer  selection  is  rude  based  on  the  character  cede 
bits. 

ITic-i  cJrToettr-:  arc  hc’nr  displayed  on  a  horizontal  line  in  type¬ 
writer  fashion,  only  the  first  two  !2-b:t  words  of  the  character  cor.  and 
need  be  transmitted  once  the  line  value  (Y)  has  been  established*  The 
display  will  store  and  rair-tain  each  pa rune ter.  such  as  Y  position,  until 
tV  •*.  j ...r*. ret  er  is  rcf.-mdrd  to  "chunge  by  a  sub' cquc.it  data  word  of  the 
".i:  e  type. 
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A. 1.2  VECTOR  COMMAND 

Tho  vector  vosoand  is  used  to  construct  randomly  placed  single  or 
chained  vectors.  The  specification  of  vector  starting  points  require 
tho  transmittal  of  three  words,  however  vector  end  points  and  chained 
vectors  require  five  words  --  op-code,  X  position,  Y  position,  AX  and 
AY. 

# 

The  construction  of  a  vector  is  begun  by  defining  one  end  point  via 
the  first  three  vector  cooi-ar.d  words.  The  op-code  word  with  the  vector 
scr-.t  bit  set  to  "l”  is  transmitted  plus  the  X  and  Y  positional  values. 
fcUnover  the  vector  start  bit  is  set,  the  beam  notion  will  be  blanked 
and  tho  AX  and  AY  values  need  not  be  transmitted.  In  response  to  these 
three  t'ord;,  the  display  positions  the  beaa  to  the  proper  coordinates 
Oil  the  CRT. 

To  actually  draw  thd  vector,  the  other  vector  end  point  is  defined 
.■.in*  -ill  five  words.  The  beaa  is  unblankcd  and  moves  to  the  new  end 
point  at  a  -.enstant  velocity  --  thus  constructing  the  coaaandcd  vector. 
v*.ci  nn  be  chained  together  by  continuously  specifying  ntw  vector 
end  points  (one  at  a  time)  using  the  complete  vector  command  of  five 
words.  AX  and  AY  are  the  arithmetic  differences  between  the  end  coord¬ 
inates  and  the  starting  coordinates.  .  . 

*..1.3  NO-OP  rartAND 

This  comma;. d  causes  no  action  on  the  display. 

A.  1.4  t RANCH  (.05? 'AND 

i’o  Branch  Ccsmr.il  can  be  used  to  cause  the  display  to  jump  to  another 
■'•fctip.i  of  PDp-8  memory  and  to  continue  accessing  display  couaund  words 
't.  ting  at  the  new  address.  The  new  address  is  composed  of  12  bits  -- 
ll  b;t.  jrc  stored  in  word  2  of  the  conaund  and  the  'o.st  Significant 
:*it  ('.ts s’) ,  called  "Tranch  High”,  is  stored  in  word  1. 

\.  i.s  «  ontroi.  nrriv'o  l 

tin-,  co— urtil  I,  used  to  either  let  tt.e  intensity  level  ot  t h**  divpuy 
or  to.  rnr;  and  ,-n  crate  operation.  Six  data  hit*  are  provided  to  u^pi  lcn-nt 
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either  operation.  A  logical  1  in  the  erase  data  bit  associates  the 
6  bits  with  the  erase  operation;  likewise,  a  1  in  the  Intensity  Data 
bit  defines  the  data  as  intensity  controls. 

A.l ,S. I  Erase 

The  MSB  in  the  6-bit  data  field  being  set  places  the  display  in 
a  selective  erase  node.  In  this  node,  subsequent  unhlanked  beaia  notion 
causes  symbols  in  its  path  to  be  erased.  A  different  Control  Cor.-.and  1 
must  be  transmitted  to  reset  the  selective  erase  bit  when  leaving  this 
node  of  opt  ration. 

The  second  most  significant  bit  being  set  places  the  display  in  the 
flood  erzsc  node.  In  this  node,  the  entire  display  area  is  erased  --  either 
completely  or  partially  depending  on  the  duration  of  the  erase  pulse.  The 
last  4  bits  of  data  define  16  levels  cf  era*e  duration  recording  to  the 
i'olkwing  convention:  all  4  bits  being  0  give-,  the  max  iron  erase  period, 
while  all  bits  set  to  a  I  gives  the  ninixun  erase  period.  A  single  flood 
erase  action  will  occur  each  time  such  a  command  is  issued. 

A .  1 .  £ .  ?  Intensl 

The  six  data  bits  are  used  to  provide  64  symbol  intensity  levels 

•sing  the  following  convention:  the  all  zeros  value  turns  the  intensity 

* 

off,  while  the  all  ones  value  select  the  naxicua  intensity.  Once  an 
intensity  level  is  established,  it  remains  active  until  a  subsequent  ■ 
intensity  command  is  issued  to  change  the  value.  . 

A.  1.6  CONTROL  WORD  2 

This  control  coroand  is  used  to  transmit  multiple  CRT  selections, 
bean  settling  tiro  delays,  and  character  size  .selections  to  the  display. 

Four  data  bits  arc  provided  to  supplement  the  selected  function  as 
destribrd  below. 
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A. 1.6.1  CRT  Selection 

When  the  display  system  uses  more  than  one  CRT  it  is  necessary  to 
route  the  symbols  to  the  proper  CRT.  This  is  accomplished  by  the  4  bits 
of  data  as  follows: 

Bit  1  -  CRT  *1  Select  -  This  bit  being  set  routes  all  subsequent 
data  to  CRT  *1. 

Bit  2  -  This  bit  being  set  will  route  subsequent  symbols  to  CRT  *2. 
Bit  3  &  4  -  Spare. 

If  neither  Bit  1  or  2  is  set,  all  subsequent, symbols  will  not  appear 
on  either  display. 

A. 1.6.2  Positioning  Delay  Selection 

The  4  data  bits  select  the  amount  of  "settling"  time  allowed  tr> 
position  the  beam  prior  to  constructing  the  requested  symbol.  When 
all  these  bits  are  zero,  a  random  positioning  delay  is  selected  that  is 
adequate  for  any  deflection  over  the  entire  screen. 

Bit  1  -  1/2  Screen  Delay  -  This  delay  can  be  used  to  sava  time  if 
the  position  change  between  symbols  is  less  than  1/2  the  screen 
width  in  both  axes. 

Bit  2  -  1/4  Screen  Deley  -  This  allows  additional  tine  savings  for 
deflections  less  than  1/4  the  screen  width  in  both  axes. 

Bit  3  -  Not  used  -  must  always  be  0. 

Bit  4  -  Type  Mode  Delay  -  This  bit  being  set  causes  the  ainirun 

positioning  delay.  It  is  used  between  successive  characters^ on - 

a  typewritten  line. 

A. 1.6. 3  Character  Size  -  The  4  data  modifier  bits  arc  used  to  select 
one  of  16  character  sizes  according  to  the  following  convention:  all 
*  bits  being  0  select  the  smallest  character  size,  while  all  4  bits 
being  I  select  the  largest  character  size. 
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A . 2  DATA  TRA’.'SFCa  METHOD 

The  PUP-3  used  two  methods  of  data  transfer  to  ccmunicate  with  the 
DSDT  display.  The  first  method  is  called  PorgTsamed  Data  Transfer  (PDT) 
and  involves  control  information  being  sent  to  the  display  directly  from 
the  PCP>8  accumulator.  The  other  method,  called  Data  Break  Transfer  ' 

(DBT)  is  a  high  speed  direct  cemory  access  approach  whereby  the  display 
fetches  data  directly  from  the  PDP-3  memory  as  it  requires  it. 

Tho  conputcr  combines  both  of  these  oethods  to  effectively  transfer 
command  words  to  the  display  system  using  the  interface  lines  shown  in 
Figure  A-2.  The  operations  involved  in  a  typical  transfer  are  described 
below. 

Khen  the  cocpjtcr  has  new  data  to  bo  output  to  the  display,  it 
constructs  the  required  sequential  display  command  words.  The  words 
are  stored  in  list -fora  in  a  blcck  of  PDP-8  cecory.  Khen  tho  list  is 
ccifplete,  the  data  transfer  to  the  display  is  ready  to  commence.  The 
transfer  of  the  actual  display  command  words  takes  place  using  the  Data 
Break  method.  However,  the  computer  initiates  the  transfer  by  sending 
two  Programmed  Data  Transfers  to  the  display  —  one  specifies  the  starting 
address  of  the  data  list  and  the  other  specifies  the  word  count.  The 
display  senses  all  programmed  data  outputs  using  its  Device  Selector 
function  to  select  the  particular  ones  addressed  to  it  and  to  reject  the 
others.  Khen  the  proper  device  address  compare  results,  the  Device 
Selector  accepts  the  data  from  the  PDP-8  accumulator  and  loads  it  into 
the  appropriate  counter  --  either  address  or  word.  Khen  both  counters 
have  been  loaded,  the  Interface  Control  logic  is  notified  and  tho  Data 
Creak  Transfer  operation  is  ready  to  begin. 

Tho  display  sends  12  bits  of  address  (those  received  from  the  PDT) 
and  raises  the  Break  Request  signal  to  the  Data  Break  interface.  It 
also  holds  the  Transfer  Direction  and  Single  Cycle  interface  linos  in 
the  proper  state  to  cause  an  output  transfer  from  the  PUP-8  in  tho 


single  cycle  node.  Mien  the  PDP-3  is  ready  to  service  the  Break  Request, 
it  stores  the  memory  address  from  the  display,  issues  the  Ere.ik  State 
and  Address  Accepted  signals,  and  fetches  data  from  the  requested  mei.ory 
location.  When  the  PQP-8  has  stored  the  accessed  data  in  its  Memory 
Buffer  Register,  it  issues  the  BTSJ  and  BTS3  pulses  to  signal  the  display 
that  the  requested  data  is  available  on  the  Memory  3uffer  Data  lines. 

The  display  increments  its  address  counter,  decrements  its  word  counter 
and  stores  the  data  in  a  12  bit  data  buffer  register.  The  first  word 
received  is  an  op-code  word,  which  is  immediately  processed.  The  display 
does  not  reset  the  Creak  Request  signal  at  this  time;  it  is  held  active 
to  request  another  memory  access  from  the  PDP-8. 

The  op-codc  word  is  processed  by  decoding  the  op-code  and  routing 
the  remaining  bits  to  the  appropriate  register:  character  code,  control 
word  1  or  control  word  2.  The  no-op  command  is  not  routed  to  any  register 
and  therefore  it  does  have  any  effect  on  the  display.  The  op-codcs  for 
the  rultiworJ  commands  arc  stored  in  the  op-code  decoder  and  used  in 
conjunction  with  a  2  bit  counter  to  route  the  data  words  which  follow 
to  the  appropriate  register:  X,  Y,  dX,  dY  or  address. 

The  Break  Request  signal  remains  active  and  the  display  continues 
to  fetch,  buffer,  route  and  store  data  words  until  the  Interface  Control 
logic  senses  that  all  the  data  words  for  one  character  or  one  vector 
ccrmand  have  been  received.  The  display  knows  that  it  has  received  .all 
the  words  associated  with  one  command  when  it  senses  that  a  subsequent 
op-code  word  (detectable  as  MSB^O)  has  been  stored  in  its  data  buffer. 

The  display  temporarily  holds  the  subsequent  op-code  word  in  its  Data 
Buffer  and  dobs  not  process  it  until  the  previous  command  has  been 
executed;  ^t  this  t»uc,  the  Interface  Control  logic  resets  the  Break 
Request  signal  to  temporarily  discontinue  the  data  flow  and  it  then  sig- 
:.;  !s  rhc^isplay  to  process  the  character  or  vector  command,  lhe  display 
enters  the  busy  state  and  processes  the  command.  *hen  the  command  has 
been  completed,  the  display  leaves  the  busy  state,  and  the  Interface 
(.'(.-.it ro l  logic  is  again  enabled  to  fetch  words  from  the  FDP-S  memory.  . 
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The  Branch,  Control  Word  1,  and  Control  2  commands  are  processed  immediate’/ 
and  therefore  do  not  require  the  display  to  enter  the  busy  state. 

The  display  continues  its  processing,  one  corxund  at  a  tine,  until 
t!.e  Interface  Word  Counter  is  decremented  to  :cro.  Then  the  interface 
operation  ceases  and  the  display  generates  a  Program  Interrupt  to  irforn 
the  PDP-S  that  it  has  read  and  processed  all  of  the  specified  data. 
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Figure  A-l.  Display  Cocmand  Words 
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Section  1 


ACCEPTANCE  TEST  PLAN  FOR  A  DEFORMOGRAPHIC 
STORAGE  DISPLAY  (DSD)  SYSTEM 


1.1  SCOPE 


This  document  defines  the  design  pereaeters  that  are  to  be 
verified  in  the  performance  of  the  Deforaographic  Storage  Display  (DSD) 
Systea  during  an  acceptance  test  procedure. 

This  document  provides  an  overview  of  the  tests  to  be  performed  on 
the  DSD  Systea  and  is  not  intended  to  describe  in  detail  how  the  teits 
will  be  performed  at  specific  test  points. 

Three  supporting  documents  shall  be  provides-  to  accomplish  the 
detailed  acceptance  test.  The  documents  are  listed  in  2.2  and  2.3.1. 
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Section  2 

APPLICABLE  DOCUMENTS 

M  SPECIFICATIONS  -  IBM 

EA332S  Engineering  Requi renent  for  a  Deforaographic 

Storage  Display'  Systea  June  10,  1974 


2.2  SPECIFICATIONS  -  IBM 

7S-M3S-003  Acceptance  Test  Procedure  for  the  Deforaographic 
Storage  Display  (DSD)  Systea 

75-M3S-004  Deforaographic  Storage  Display  (DSD)  Systea 
Operation  and  Maintenance  Instructions 

2.3  OTHER 

2.3.1  IBM  DOCUMENTS 

7S-K35-001  Deforaographic  Storage  Display  (DSD)  Systea, 
Description  of 

2.3.2  DIGITAL  EQUIPMENT  CORPORATION  DOCUMENTS 
PDPS/i  $  PDP8/L  Saall  Ccaputer  Handbook 


D-2 


Section  3 


REQUIREMENTS 


3.1  GENERAL 


This  Acceptance  Test  Plan  document  defines  those  tests  required 
to  demonstrate  that  the  DSO  System  complies  with  the  requirements  of 
the  Engineering  Requirement  for  a  Deforaographic  Storage  Display  System, 
FAA  *  LA3325.  The  DSD  System  will  be  tested  while  various  test  programs 
are  utilized  in  the  PDP-8/I  processor  to  provide  the  DSD  with  the  proper 
stimuli  to  present  the  desired  display  patterns  for  test  purposes. 

Some  requirements  of  the  DSD  are  expressed  in  terms  of  display 
parameters,  i.e.,  brightness,  contrast,  storage  time,  erase  time,  etc. 
These  parameters  shall  be  measured  at  the  display  screen  surface  with 
optical  measuring  devices  to  obtain  quantitative  data. 


i. 11  TEST  EQUIPMENT  AND  TEST  LEVELS 

The  DSP  shall  be  provided  the  necessary  stimuli  by  a  POP  8/1 
computer  or  equivalent  to  exercise  the  logic  and  analog  circuitry  as 
outlined  in  this  document. 


3.1  2  UNIT  TEST  PROCEDURE  (EQUIPMENT  ACCEPTANCE  TEST  PROCEDURE) 

Where  the  requirements  of  this  document  are  implemented  by  an 
DSD  Acceptance  Test  Procedure  (IBM  75-M3S-003) ,  the  test  procedure 
shall  reflect  the  exact  requirements  of  this  document.  The  test  pro¬ 
cedure  shall  Include  as  part  of  Its  documentation,  calculations, 
measurements,  etc.,  to  show  that  thm  tests  and  toleriuices  utilized 
are  equivalent  to  those  specified  herein. 

3.1.3  FAILURE  CRITERIA 

The  DSD  shall  meet  ell  requirements  defined  in  this  document. 

3.2  TEST  CONDITIONS 

The  DSD  shell  be  cooled  by  ambient  eir  during  the  acceptance  test, 
with  all  parts  and  louvers  uncovered  to  allow  the  free  passage  of  cooling 
eir. 

-  Room  ambient  (up  to  8S°  Fahrenheit  maximum) 

-  To  90%  R.H.  maximum 

-  Sir.  foot  candles  maxima  incident  light  from 
overhead  sources. 


Temperature 

Humidity 

Light 
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3.2.1  TEST  CONFIGURATION 

The  DSD  shill  be  tested  using  i  PDP-8/I  computer,  or  equivalent , 
is  the  test  controller.  The  computer  shill  be  connected  to  the  DSD 
through  i  DN08-B  interface  adapter  unit  to  obtiin  the  proper  sigml 
polarity  and  levels.  Test  programs  shill  be  available  which  will 
exercise  the  DSD  electronics  to  drive  the  DSD  deflection  and  video 
circuits  to  produce  the  desired  test  patterns,  and  test  point  outputs 
necessary  for  electrical  evaluation  and  parameter  measurement. 


3.2.2  TEST  INSTRUMENTATION 

All  oscilloscopes,  light  meters,  etc.,  used  in  the  performance  of 
the  acceptance  testing  shall  be  calibrated  according  to  the  procedures 
utilized  at  the  testing  site.  This  calibration  shall  be  evidenced  by 
a  visible  tag  or  stamp  on  the  equipment.  The  tag  shall  indicate  the 
date  of  the  last  calibration  and  either  the  due  date  of  the  next 
calibration  or  the  noraal  calibration  interval. 


3.2.3  SPECIAL  EQUIPMENT  REQUIREMENTS 

The  equipment  specified  below  shall  be  required  in  addition  to 
the  PDP-8/I  and  the  DW08-B  specified  in  3.2.1. 


3. 2. 3.1  Computer  Test  Programs 

The  DSD  testing  will  require  suitable  test  programs  for  use  by 
the  FDP-B/I  to  exercise  the  DSD  to  generate  the  test  patterns. 


3. 2. 3. 2  Display  Screen  Grid  Overlays 

A  scribed  clear  plexiglass  with  test  pattern  configurations  is 
required  to  perform  the  registration  accuracy  tests. 

3.2.4  ALIGNMENT  AND  ADJUSTMENT 

Prior  to  the  start  of  the  acceptance  test,  all  adjustable  gains 
and  biases  associated  with  the  processor  analog  electronics,  and  the 
deflection  and  video  circuits  in  the  DSD  console,  shall  be  properly 
set  in  accordance  with  the  DSD  Systca  Operation  and  Maintenance  Docuaent, 
IBM  47S-M3S-004. 

,3.3  ELECTRICAL 

The  following  subsections  describe  the  electrical  requirements 
for  acceptance  tesing  of  the  DSD  System. 
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3.3.1  POWER  DISTRIBUTION  TEST 

Verification  of  the  power  grounding  and  critical  signal  connections 
shall  be  made  before  applying  power  to  the  DSD  Systea. 

3.3.2  COOLING  FAN  OPERATION 

Verification  shall  be  ude  to  insure  that  all  cooling  fans  are 
operating  when  power  is  applied. 


3.3.3  POWER  SUPPLY  ADJUSTMENT 

The  volttge  level  froa  each  regulated  supply  shall  be  verified 
to  be  within  i S\  of  its  noainal  voltage 


3.3.4  VOLTAGE  SEQUENCING 

The  power  on  and  off  sequencing  of  the  high-voltage  section  of 
the  DSD  console  shall  be  verified  for  proper  operation. 


3.3.S  Af  INPUT  POWER  REQUIREMENTS 


The  noainal  AC  input  power  requireaents  for  the  two  sections  of 
the  DSD  Systea  are: 


Voltage 

Frequency 

Service 

Power  (noainal) 


DSD  Processor 

ITfl-VT'W" 

60  i  2  Hi 
Single  phase 
130  Watts 


USD  Console 

TWTTTSt 

60  »  2  Hi 
Single  phase 
130  Watts 


3.3.6  DSD  SYSTEM  INTERFACE  SIGNAL  ELECTRICAL  CHARACTERISTICS 

All  DSD  Systea  external  interface  signals  are  those  associated' 
with- the  POP-8/1  coaputer.  All  signals  are  the  standard  Digital 
Equipaent  Corporation  (DEC)  -3  Volt  interface  signals,  ufilixing  the 
parallel  data  bus  concept.  All  design  paraaeters,  as  outlined  in 
"PDP8/1  V  PDPf/L  Saall  Coaputer  Handbook",  shall  be  followed  to  assure 
ccapatible  interfacing. 


3.4  LONG  TERM  PERFORMANCE  REQUIREMENTS 

Certain  perforaance  requireaents,  as  discussed  below,  shall  be  per¬ 
formed  as  an  operational  check  of  the  test  paraaeters  during  final  checkout 
and  test  prior  to  the  final  acceptance  test.  Verification  of  compliar.ce 
with  these  requireaents  shall  be  based  on  the  test  logs  ahd  other  doewen* 
tat ion  available  at  the  time  of  the  acceptance  test. 
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3.4.1  DISPLAY  MAGNIFICATION 

It  shall  be  demonstrated  by  mathematical  proofs  that  a  display 
magnification  of  7.S  to  IS  times  is  obtainable  with  the  DSD  optical 
system,  rather  than  actual  removal  and  demonstration  of  the  optical 
system  from  the  DSD  Console. 


3.4.2  STABILITY 

The  DSD  equipment  will  be  observed  to  verify  that  the  brightness 
and  focus  controls  will  not  need  adjustment  to  meet,  the  performance 
requirements.  The  data  will  be  recorded  in  the  equipment  test  log 
during  checkout  and  prior  to  final  acceptance  tests. 


5.4.3  CENTERING 

A  check  shall  be  made  to  verify  that  the  projected  display  center 
does  not  Vary  by  more  than  1/4  inch  from  the  previous  center  position. 

The  data  will  be  recorded  in  the  equipment  test  log. 

3.4.4  CHARACTER  SI2E 

During  the  final  equipment  checkout,  periodic  checks  shall  be  made 
to  verify  that  the  standard  character  site  (IBM  75-M35-002,  para.  3. 5. 9. 3) 
remains  within  the  specified  tolerance. 


3.5  TEST  RECUIRF-.VEXTS 

The  following  paragraphs  specify  the  unit  level  tests  to  be  per¬ 
formed  on  the  DSD  System.  Testing  shall  be  done  using  computer  test 
program?  which  shall  functionally  exercise  all  portions  of  the  system. 
Operation  shall  be  verified  through  visual  monitoring  of  the  display- 
presentations  and  performance  measurement  of  the  resultant  visual 
parameters.  Operator  intervention  shall  be  required  to  exercise  the 
various  DSD  Console  switches  and  computer  control  switches,  and  load 
the  different  computer  test  programs  during  the  course  of  the  test. 

3.5.1  DSD  SYSTEM  INTERFACE  TFST 

All  signals  to  or  from  the  DSD  System  shall  be  functionally  verified 
during  testing.  IBM  75-M35-004  lists  all  the  signals  in  the  interface., 
The  signal  interface  is  to  either  a  DM01  multiplex  unit  and  then  to  the 
PDP-8/I  computer,  or  directly  to  the  computer,  dependent  upon  whether 
the  test  is  being  performed  at  NAFEC  or  IBM,  respectively. 
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Interface  measurements  and  continuity  testing  will  be  done  as  part 
of  the  system  build-up  and  debug,  and  wiring  lists  and  applicable  docu¬ 
mentation  will  be  provided  for  spot  checking  during  the  acceptance  test 


3.5.2  DISPLAY  BRIGHTNESS  TESTS  - 

All  brightness  tests  are  to  be  performed  in  the  ambient  light 
specified  in  3.2  to  exclude  the  additive  effects  of  the  ambient  light 
on  the  brightness  readings. 

35.2.1  Center  Screen  Data  Brightness 

Brightness  measurements  shall  be  made  parallel  to  the  optical  path 
at  the  center  of  the  viewing  screen  using  a  Model  2020  Gamma  Scientific 
Photometer  with  microscope. 

3.5.2.2  Brightness  Control 

The  brightness  control  (neutral  density  filters)  shall  be  implemented 
to  provide  four  discrete  increments  of  brightness  frcm  full  brightness 
down  to  one-eight  or  less  full  brightness. 


3 . 5 . 2 . 3  Brightness  Variations 

Brightness  measurements  of  characters  and  vectors  shall  be  made 
over  various  positions  of  the  screen,  including  all  four  comers,  to 
verify  that  there  is  no  more  than  60  percent  variation  in  brightness 
across  the  entire  screen  according  to  the  formula: 

B  -  B 

- . x  100  •  %  of  brightness  variation 

B 

max 

.Near-are«  brightness  variation  shall  be  tested  by  measurement 
of  brightness  within  a  three-inch  area  and  verifying  that  the  variation 
is  less  than  40  percent  according  to  the  above  formula.  . 

3.5.3  CONTRAST  RATIO  TEST 


With  the  ambient  light  specified  in  3.2,  several  measurements  of 
the  contrast  ratio  shall  be  made.  The  brightness  measurement  of  a 
display  element  (character  or  vector)  shall  be  made,  as  well  as  the 
adjacent  background,  and  the  contrast  ratio  calculated  according  to 
the  formula: 


Contrast  ratio 


Display  element  brightness 
Background  brightness 


and  shall  be  at  least  16. 
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Specular  reflectivity  of  the  screen  shall  be  measured  ns  less 
than  10  percent. 


>.5.4  DISPLAY  COLOR  AND  SHADES  OF  GRAY  TESTS 


'.5,4.1  Display  Color  Capability 

Verify  that  the  DSD  System  is  capable  of  accepting  the  following 
optical  stops.  No  specific  test  requirements  need  be  met  with  the  color 
stops. 

1)  White  on  black  -  conventional  (clear)  stop 

2)  Red  and  green  on  black  -  concentric  ring  stop 

3)  Four  colors  (red,  green,  yellow,  white)  on  black  - 
spatially-oriented  four  color  stop. 


3 .  p> .  4 . 2  Shades  of  Gray 

With  the  conventional  stop  in  place  and  the  maximum  brightness 
.•or.trol  setting,  verify  that  the  DSD  System  is  capable  of  presenting 
six  shades  of  gray  on  the  viewing  screen.  Each  successively  bright* 
gray  shade  shall  be  at  least  25\  brighter  than  the  preceding  shade. 


3.5.5  LINE  WIDTH,  RESOLUTION  AND  SPOT  GROWTH  TESTS 


3.S.5.1  Line  Width 

Verify  that  the  maximum  line  width  in  a  cross-hatch  test  pattern  is 
no  greater  than  0.040  inch  anywhere  on  the  screen  at  the  50  percent 
brightness  points. 


3. 5. 5.2  Resolution 


While  utilizing  the  resolution  test  pattern,  verify  that  a  pair  of 
lines  can  be  resolved  when  they  are  spaced  no  more  than  0.035  inch  (center 
to  center)  apart,  with  at  least  20  percent  modulation  according  to  the 
formula: 


Percent  modulation  ■  *Vax  ~  ®»in 


X  100 


Where  j^max  is  the  line  center  brightness 

min  is  the  line  pair  overlap  brightness.  \ 
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3. 5. 5. 3  Spot  Growth 

Verify  that  the  line  widths  of  the  cross-hatch  test  pattern  do  not 
vary,  froa  the  narrowest  line  to  the  widest  line,  by  a  ratio  of  more  than 
1.4  to  1  over  the  entire  screen  surface. 


3.S.6  LINEARITY  AND  REGISTRATION  ACCURACY  TESTS 


3.S.6.1  Linearity 

With  the  plexiglass  overlay  in  place  over  the  screen  and  the  cross- 
hatch  test  pattern  presented  on  the  screen,  verify  that  the  sire  of  any 
square  in  the  isage  does  not  deviate  by  More  than  0.1S  inch  froa  the  size 
of  the  corresponding  squares  in  the  scribed  line  pattern  on  the  overlay. 


3. 5. 6. 2  Rewrite  Registration  Accuracy 

Deaonstrate  with  the  data  block  test  pattern  that  a  single  block  of 
oata  can  be  selectively  erased  and  rewritten  to  within  0.030  inch  in  either 
axis  of  its  original  position.  No  other  data  shall  be  added  or  deleted 
anywhere  else  on  the  screen. 


3. 5. 6. 3  Overwrite  Registration  Accuracy 

Without  selectively  erasing  the  data  block  of  3.S.6.2,  verify  that 
the  rewriting  of  the  subject  data  block  can  be  done  such  that  the  over¬ 
written  data  registers  to  within  0.030  inch. 


3.S.6.4  Selective  Erase  Accuracy 

Verify  that  the  erasure  of  the  data  block  of  3. 5. 6. 2  is  coapleto 
while  not  disturbing  adjacent  data  blocks  where  the  separation  distance 
of  the  near  eleaents  in  the  two  data  blocks  is  0.30  inch. 


3.5.7  CENTERING  TEST 

Verify  that  the  centering  adjustnents  on  the  X  and  Y  deflection 
preamplifiers  can  Move  the  center  point  of  the  rectangular  cross-hatch 
test  pattern  about  the  center  point  of  the  scribed  pattern  on  the  overlay. 


3.5.8  DISPLAY  STORAGE  TEST 

With  the  resolution  test  pattern  on  the  DSD  System  display  screen, 
verify  that  the  brightness  of  the  iaage  after  30  Minutes  of  storage  is 
no  less  than  50  percent  of  its  initial  brightness. 
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3.5.9  CHARACTER  Rr.rFRTOIRE  TESTS 

Utilizing  thr  character  display  test  pattern,  verify  that  the 
character  repertoire,  designated  in  3.5.13  and  Figure  3-1  of  ER  EA3325, 
is  di splayed . 


3.S.9.1  Character  Closure 

Verify  that  the  line  segments  of  each  character  of  symbol  shall  be 
closed  cr  completed  to  within  0.015  inch  from  the  idealized  fonts. 


3. 5. 9. 2  Character  Positioning 

In.ert  the  character  location  squares  around  the  characters  and 
symbols  and  verify  that  they  are  centered  within  the  squares  which  are 
posit j on- located  by  the  lower  left  corner. 

3.5.9.'  Character  Size 

Measurement  shall  be  made  of  the  height  and  width  of  the  alphanuaeri 
chatacters  to  demonstrate  that  their  height  and  width  are  within  t!0\  of 
0.23  inch  and  0.18  inch  respectively. 


3 . 5 . 9 . 4  Character  Spacing 

Verify  that  the  center-to-center  spacing  of  the  characters  is 
programmable  in  Increments  of  TBD  inch  or  less. 


3.5.10  DATA  WRITING  AND  ERASURE  TESTS 


3.5.10.1  Writing  Rate  And  Time 

By  measurement,  determine  that  the  DSD  System  is  capable  of  writing 
data  at  a  rate  of  at  least  20,000  inches  per  second  at  the  screen,  and 
that  any  character  or  symbol  of  3.5.9  can  be  written  in  100  microseconds 
or  less.  Verify  that  the  erasure  and  rewriting  of  a  100  character  data 
block  can  be  accomplished  with  a  100  millisecond  time  period. 


3.5.10.2  Erase  Time  And  Control 

During  cycling  of  the  data  block  test  program*  determine  by  measure¬ 
ment  that  selective  erasure  of  data  is  done  at  such  a  rate  that  a  square 
inch  of  data  on  the  screen  is  erased  in  10  milliseconds  or  less.  Verify 
that  the  test  program  can  selectively  erase  and  rewrite  randomly  placed 
data  blocks  in  a  cyclic  fashion.  Test  the  ability  of  the  display  to  be 
totally  erased  under  manual  control. 
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3.5.11  INPUT  RATE  TEST 

Utilizing  the  character  display  test  pattern,  verify  that 
the  systea  is  capable  of  accepting  and  displaying  a  new  character 
every  100  microseconds  or  less. 
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Section  4 

QUALITY  ASSURANCE  PROVISIONS 


4.1  QUALITY  CONTROL  INSPECTION 

As  inspection  by  contractor  and/or  government  personnel  shall  be 
made  to  ascertain  that  the  DSD  System  equipment  meets  good  commercial 
standards.  This  inspection  shall  include  any  and  all  tests  and  checks 
required  to  make  this  determination. 


4  ’  FACTORY  ACCEPTANCE  TEST  AND  EXERCISE 

A  Factory  Acceptance  Test  shall  be  performed  at  the  contractor's 
coarvncing  on  or  before  7  March  1975  to  ascertain  that  the  equipment 
meets  all  applicable  portions  of  Section  3.5  of  FAA  *  EA3325.  Failure 
of  the  equipment  to  perform  to  specification  shall  result  in  retest  anci/c 
mutually  agreeable  resolution  of  the  equipment  performance  level  and 
specification  differences. 


42.1  USD  SYSTEM  ACCEPTANCE  TEST  SCHEDULE 


Figure  4,2. 1-1  provides  the  general  road  map  of  the  procedures  to 
be  followed  prior  to  preliminary  and  final  customer  acceptance  test. 


4.2.2  PRELIMINARY  ACCEPTANCE  TESTS 

Prior  to  final  customer  acceptance  testing  of  the  DSD  System,  a 
preliminary  acceptance  test  will  be  conducted  to  establish  compatibility 
of  the  DSD  System  test  procedures,  system  operation  and  test  equipment. 

!  Scheduled  start  date  -  14  February  1975 

j  Scheduled  finish  date  -  28  February  1975 
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FINAL  CUSTOMER  ACCEPTANCE  TESTS 


The  final  customer  acceptance  testing  of  the  DSD  System  is  scheduled 
as  follows: 

Scheduled  start  date  •  28  February  1975 
Scheduled  finish  date  -  14  March  1975 

The  various  customer  acceptance  tests  are  itemized  in  Table  4. 2. 3-1, 
Final  Customer  Acceptance  Test  Plan. 


4 


.2.4 


SCHEDULED  DSD  SYSTEM  SHIPPING  DATE 


After  completion  of  the  final  customer  acceptance  tests  the  system 
|i  1 1  be  packed  and  shipped  to  NAFEC,  Atlantic  City,  N.  J. 

Scheduled  shipping  date  is  on  or  before  22  March  1975. 
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4.2.S  TRAINING  SERVICES 

Training  services  for  FAA  can  ccenence  17  January  1S75  (Console 
Integration)  and  continue  through  final  customer  acceptance  tests. 

4.3  FAILURE  VERIFICATION  AND  RETEST 

In  the  event  of  a  faiiyre  which  can  Ke  isolated  to  a  subtsscnbly 
or  nodule,  the  defective  itens  shall  be  repaired  or  replaced  and  those 
circuits  directly  affected  by  the  failure  shall  be  retested  to  the 
applicable  requirements  of  3.5.  A  failure  which  is  verified  to  be  an 
operator  or  test  equipment  failure,  shall  net  be  considered  to  be  a 
relevant  failure.  Equipaent  test,  in  tie  case  of  an  operator  error  or 
test  equipment  failure,  shall  continue  from  the  start  of  the  test  being 
perfomed  at  the  tine  of  the  error  or  malfunction. 
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Section  1 

GENERAL  INFQRMATIGi. 

1.1  PURPOSE 

Tikis  document  establishes  the  procedure  required  to  demonstrate  proper 
performance  of  the  Deformographic  Storage  Display  (DSD)  system,  serial  #1 
in  accordance  with  the  FAA  document  ER  EA3325. 

1.2  TESTS 

The  acceptance  tests  performed  in  Paragraphs  S.l  -  6.23  of  this 
procedure  are  in  accordi-nce  with  the  Acceptance  Test  Plan  fur  a  DSD 
IBM  7S-M3S-002. 

1.3  FAILURES 

''In  the  event  that  the  DSD  fails  to  paSs  any  of  the  specified  tests, 
appropriate  entries  shall  fcs  made  in  the  Unit  Log.  All  failures  shall 
be  investigated,  analyzed,  and  corrective  action  taken,  as  required. 

1.4  UNIT  LOG 

Details  of  all  anoewlies,  test  interruptions,  failure  isolation 
details,  retort,  resolution  of  malfunctions,  etc.,  shall  be  documented 
in  narrative  form  in  the  Unit  Log. 

1.5  TEST  CONFIGURATION 

The  DSD  shall  be  tested  using  a  PDP-8/I  computer  as  the  test  con¬ 
troller.  The  cocputer  ihail  be  connected  to  the  DSD  through  a  DWOS-B 


i 
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interface  adapter  unit  to  obtain  the  proper  signal  polarity  and  levels. 
Test  programs  shall  exercise  the  DSD  electronics  to  drive  the  DSD  deflec¬ 
tion  and  video  circuits  to  produce  the  desired  test  patterns,  and  test 
point  outputs  necessary  for  electrical  evaluation  and  parameter 
measurement . 


1.6  TEST  INSTRUMENTATION 

All  oscilloscopes,  light  meters,  etc.,  used  in  the  performance  of 
the  acceptance  testing  shall  be  calibrated  according  to  the  procedures 


utilized  at  the  testing  site.  This  calibration  shall  be  evidenced  by  a 


visible  tag  or  stamp  on  the  equipment.  The  tagk-*hall  indicate  the  date 


of  the  last  calibration  and  either  the  due  date  of  tfha  next  calibration 


or  the  normal  calibration  interval. 


1.7  MAINTENANCE  AND  ACCEPTANCE  TEST  SOFTWARE 

The  Maintenance  4  Acceptance  Test  Software  (MATS)  is  used  extensively 
throughout  the  following  test  procedures  to  generate  test  patterns  for 
the  DSD.  For  detailed  loading  and  operating  procedures  refer  to  IBM  75- 
MS  5 -004  DSD  Operation  and  Maintenance  Instruction  (OMI)  Section  10 

and  to  Digital  Equipment  Corporation's  Introduction 
to  Programming  (DECITP) . 
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IBM  75-M3S-004 


IBM  M3S-002-7S 


Digital  Equipment  Corp 

Department  of  Trans- 
f srtation 


APPLICABLE  DOCUMENTS 

Acceptance  Test  Plan  for  a  Deformographic 
Storage  Display  Sysiea 

Deformographic  Storage  Display  System  Operation 
and  Maintenance  Instruction 

Maintenance  and  Acceptance  Test  Software  - 
Object  Tape 

Introduction  to  Programming 

Contract  •DOT-FA74NA-1103 
Serial:  3S9-0-0Q 
Date:  07/03/74 
Project:  DSDT  for  FAA 
Engineering  Requirement  (ER)  EA3325 
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Section  3 

TEST  CONDITIONS  AND  REQUIREMENTS' 

3.1  TEST  CONDITIONS 

The  DSD  shall  be  cooled  by  ambient  air  during  the  acceptance  test, 
with  all  parts  and  louvers  uncovered  to  allow  the  free  passage  of 
cooling  air. 

Temperature  •  Room  ambient  (up  to  85o  Fahrenheit  maximum). 

Humidity  -  To  90V  R.H.  maximum. 

Eight  -  Six  foot  candles  maximum  incident  light  from  overhead 
sources. 

3.2  ALIGNMENT  AND  ADJUSTMENT 

t’rior  to  the  start  of  the  acceptance  test,  all  adjustable  gains  and 
biases  associated  with  the  processor  analog  electronics,  and  the  deflec¬ 
tion  and  video  circuits  in  the  DSD  console,  shall  be  properly  set  in 
accordance  with  the  DSD  System  Operation  and  Maintenance  Document,  IBM 
•7S-M3S-004. 

3.3  AC  INPUT  POKER  REQUIREMENTS 

,  The  nominal  ac  input  power  requirements  for  the  two  sections  of  the 
DSD  System  are: 


DSD  Processor 

DSD  Console 

Voltage 

120V  ♦I0V 

I 20V  ♦10V 

Frequency 

60  £2  Hz 

60  £2  Hz 

Service 

Single  phase 

Single~phase 

Power  (nominal) 

130  Watts 

130  Watts 

Section  4 


POWER  SYSTEM  VERIFICATION 


4.1  POWER  DISTRIBUTION 

This  test  satisfies  Section  3.3.1  of  IBM  7S-M35-QQ2.  Verification 
of  the  power  grounding  and  critical  signal  connections  shall  be  made 
before  applying  power  to  the  DSD  System. 

yj  1)  With  a  multimeter  verify  that  line  voltage  in  the  power  outlet 
receptacle  is  11SV. 

Jl)  Install  interconnecting  cables  from  the  remote  unit  to  the 

console.  1>e  multilead  cable  attaches  to  J6  which  is  located 
on  the  rear  shelf  below  head  one.  Triax  cables  marked  X,  Y 
and  Z  attach  to  head  one  receptacles  JS,  J4  and  J3.  For  ease 
of  installation  it  is  advisable  lo  temporarily  remove  the 
cables  from  J1  and  J2  on  the  head. 

y/i)  Verify  that  the  Hein  Power  switch  located  on  the  right  side  of 
the  console  switch  panel  is  in  the  Off  position.  Plug  the 
console  power  cable  into  the  power  outlet  receptacle. 

Test  Input  voltage 

Test  Equipewnt  Simpson  Model  269  multimeter  or  equivalent 

Measurement  Line  Voltage  ■ 


4.2  COOLING  FAN  OPLRATIQN 


This  test  satisfies  Section  3.3.2  of  IBM  7S-M35-002.  Verification 
shall  be  made  to  insure  that  all  cooling  fans  arc  operating  when  power 
is  applied. 


V^l) 


The  arc  lamp  housing  holds  a  cooling  fan  which  is  cncrgiied 
when  the  main  power  switch  located  on  the  right  side  of  the 
console  switch  panel  is  in  the  ON  position.  The  lamp  is 
located  in  head  one  to  the  right  and  just  above  the  LSI)  tube. 
Air  is  exhausted  through  the  top  panel  of  the  housing. 


V  2)  The  deflection  power  amplifier  stage  located  in  the  bottom 
section  of  head  one  contains  a  cooling  fan.  This  fan  is 
energned  when  the  low  voltage  switch  located  on  the  console 
switch  panel  has  been  depressed.  Air  is  exhausted  from  the 
fan  housing  toward  the  focus  power  supply. 


Verify  fans: 


(*6 


3 
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4.3  POMR  SUPPLY  ADJUSTMENTS 


This  test  satisfies  Section  3.3.3  of  IBM  7C-M3S-0Q2.  The  voltage 
level  froa  each  regulated  supply  shall  be  verified  to  be  within  tS\  of 
its  nominal  voltage. 


\/l)  Verify  that  the  nain  power  circuit  breaker  located  on 
the  rear  shelf  to  the  left  of  head  one  is  in  the  ON 
position. 


Turn  the  Main  Power  switch  located  on  the  right  side 
of  the  console  switch  panel  ON.  Background  lights  on 
the  indicators  should  come  on  and  the  1  OFF  indicator 
should  be  green.  This  switch  also  energizes  the  power 
relay  in  the  remote  unit.  Momentarily  depress  the 
reset  switch  on  the  front  panel  to  put  the  remote  unit 
in  a  reset  mode. 


>/ 3)  With  a  multimeter  verify  that  line  voltage  is  leaving 

the  power  compartment.  Check  for  11SV  at  the  con- 
venience  outlet  located  on  the  left  side  of  the  rear 
compartment. 

V*)  Depress  1  LV  switch  located  os  the  console 

switch  panel.  Green  should  be  immediately  resmved 
from  the  1  OFF  switch.  In  approxisatsly  thirty  seconds 
the  1  LV  Indicator  should  turn  grams. 

»-7 


5)  With  a  Bultinetpr,  verify  the  following  voltages. 

On  the  A9  card,  which  is  the  second 
card  down  with  TP1  being  at  the  center 
of  the  card:  TP1  P6SV 

TP2  P20V 

TPS  P1SV 

TP4  GND  ' 

TPS  N90V 

TP6  N30V 

TP7  GND 

TPS  N15V 

On  the  low  voltage  power  supply  located 
on  the  slide  out  shelf: 

P40V  across  RS  (top  is  positive) 

6.7V  AC  between  terminals  3  and  4 

On  A12  the  video  amplifier  which  is  located 
next  to  the  tube  shield: 

P90V  across  the  25  ufd  cap  at  the  top 
of  the  card. 


W 


Test :  Lo*  voltages 


Test  Equipment :  Simpson  Model  269  multimeter  or  equivalent 


Measurement : 

3.  11SV  //<?  KQC 

5.  ££  .l  \/DC 

P30V  IS-  S  VPC- 

P1SV  15- 1  VQC 

N90V  -  8H-  B  \/DC 
N30V  -  29-  6  VQC 
MSV  ~  IS.  I  V^QC. 

P40v  3  9.0  5  */DC 
6. 7VAC  6.  9  2  C 
P90V  73.  H  VO c 

PS  S.z  v/oc 


w 


4.4  VOLTACL  SLQlit.NClNG 

This  test  satisfies  Section  3.3.4  of  liU  75-M3S-0Q2.  The  power 
on  and  off  sequencing  ot  the  high-voltage  section  of  the  DSD  console 
shall  be  veiified  for  proper  operation. 

1)  Fro*  step  4  of  the  Power  F apply  Adjustment  section 
the  1  IV  indicator  should  be  green.  This 
shows  that  the  high  voltage  delay  relay  has  timed  out 
and  the  unit  is  .eady  for  high  voltage.  Momentarily 
depress  the  Reset  switch  on  the  front  panel  to  insure 
that  the  remote  unit  is  reset. 

2}  Kith  a  scope  verify  the  conditions  of  the  X,  Y  and  Z 

inputs  to  the  tube.  X  and  Y  deflection  signals  to  the 
yoke  should  be  probed  on  the  terainal  board  located  to 
the  left  of  the  deflection  cards.  These  signals  should 
be  at  ground  potential.  Z  input  to  the  tube  should  be 
probed  on  the  A12  card  at  the  top  end  of  a  5.1k  two  watt 
carbon  resistor.  This  signal  should  be  at  approximately 
P80V  which  is  the  blanked  condition. 

3)  Depress  the  1  KL  switch  on  the  front  panel. 

1  LV  should  go  off;  1  HV  should  go  green.  Observe  the 
display  screen  for  any  writing.  . 


K-TO 


4)  With  a  scope  verify  the  presence  of  high  voltage.  This 
can  be  done  at  low  voltage  levels  at  test  points  on  the 
power  supplies.  On  the  focus  supply  Jl-8  represents 
focus  voltage.  On  the  high  voltage  supply  Jl-8  represents 
high  voltage  and  Jl-7  represents  C 2  voltage. 

5)  To  power  down  the  console  first  depress  the  1  LV 
dee-  switch  to  allow  the  high  voltage  to  decay  before 
depressing  the  Off  One  switch.  This  last  move  removes 
all  power  from  the  head. 

Test :  X,  Y,  Z  and  high  voltages 


Scope 


Measurement : 


2.  X  gnd  G*0 

Y  gnd  GNp 

:  P8ov  g2 


851784-1, 

S/8  1 

Focus 

Jl-8 

1- JV 

2.7  V 

1V-1000V  1.4  to  5.6  kV 

851759-1, 

S/8  2 

HV 

Jl-7 

JV 

-3. 0  V 

lV-lGQV 

UV 

Jl-8 

10V 

IO.OV 

IV  *  1000 V 

651785-1,  S/8  1  Erase  (floating  at  HV,  did  not  aaaaura) 
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Section  S 

OPTICAL 

These  tests  are  performed  with  a  special  reflective  test  grid  in 
place  of  the  Deformographic  Storage  Tube  (DST) .  For  the  method  of  re¬ 
moving  the  DSr  and  for  the  method  of  aligning  the  test  grid,  refer  to 
the  QMI. 

S . 1  OPTICAL  DISTORTION  5  MA CM F I CAT I ON 

This  test  requires  that  the  grid  overlay  be  on  the  viewing  screen. 

1)  Ignite  the  arc  lamp  (see  QMI  Section  3.1  ). 

2)  Make  required  measurements  and  record  data. 

Test :  Optical  Distortion  6  Magnification 

Lquipacnt :  t 

Reflective  test  grid  in  place  of  CRT 
Grid  overlay  on  viewing  screen 
Scale  and  magnifier 
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Measurccents : 


Measure  the  deviation  of  the  projectod  grid  from  id 
overlay  in  the  horizontal  and  vertical  direction  at  the  9 
locations  specified: 


Gt-i €C/<.  *  fi 


3 


2  2 


T.L. 

T.C. 

T.R. 

x  ■  +tOLS 

x  •  O 

x  -  -.O'? 

y "  -  .o  is 

/  » * 

y  •  -,o£< 

C.L. 

C 

C.R. 

x  -  +.CHO 

x  -  O 

x  •  -  .  | 

y  •  +  .020 

y  »  o 

y  ■  +•  .  02. 

B.L. 

B.C. 

a.R. 

x  •  h.Gt5 

x  -  O 

X  ■  - .  O'? 

y  •  -*■  .035 

y  •  +-.0S5 

y  »  t’  .  l 

Passed: 


5.2  bKICiimSS  CONTROL 


This  test  satisfies  Section  3.S.2.2  of  IBM  7S-M3S-Q02.  Verify  that 
the  brightness  control  (neutral  density  filters)  provide  four  discrete 
increments  of  brightness  from  full  brightness  down  to  one-eight  or  lcs£ 
full  brightness. 


1)  Measure  and  record  the  line  brightness  produced  by  the 
alignment  test  pattern  at  a  fixed  point  oa 

the  screen  for  each  setting  of  the  brightness  control. 

2)  Quench  the  arc  laap. 

3)  Remove  the  test  grid,  insert  and  align  a  OST  (see  0M1  par.  8.4,  8.5). 

Test:  Brightness  Control 

Lquipacnt : 

Alignment  Teat  grid  pattern 
Photometer:  Gama  Scientific 


Measurements: 

Setting  1  (Bright)  •  UXFILTERED 
Sotting  2  (dim)  •  0,  30  FILTER 

Setting  3  •  O.  60  FILTER 

Setting  4  (dim)  ,  •  °»  FILTER 


Setting  1  ♦  Setting^ 


✓ 
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Passed: 


S.3  D I  SPLAY  MAGNIFICATION 

This  discussion  satisfies  Section  3.4.1  of  IBM  7S-M3S-002.  It 
shall  be  demonstiated  by  mathematical  proof  that  a  display  magnification 
of  7.5  to  18  times  is  obtainable  with  the  DSD  optical  system. 

The  optical  magnification  is  established  by  the  distance  between 
the  DSD  target  and  the  projection  lens.  For  the  normal  console  configur¬ 
ation,  this  distance  is:  F  (  i  ♦  1  )  •  7.1  (  — ~~  ♦  1  )  ^  7.75  inches 

M  11.0 

F  ■  Focal  Length  ■  7.1 

M  *  Magnification  •  11.0 

At  7.5x  5  18x  these  values  become: 

7.5x  ■  F  (  ♦  1  )  ■  '*  3.C6  inches 

18x  ■  F  (  -jg  ♦  1  )  *v  7.S  inches 

The  focus  adjustment  provides  a  motion  that  moves  tho  DSDT  tube 
assembly  in  relation  to  the  projection  lens  in  excess  of  2.0  inches. 

Alignment  of  the  DSDT  tube  center  and  the.  optical  axis  is  main¬ 
tained  by  adjusting  the  nuts  on  the  leveling  studs  at  the  target  end 
of  the  tube  cr»ddle  and  the  leveling  knob  at  the  resr. 
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Section  6 


DISPLAY  TESTS 


For  detailed  procedures  in  all  following  sections,  refer  to  CWI 
and  DLC1TP. 

6.1  PRELIMINARY 

1)  Power-up  the  PDP-8  computer  and  bring  the  DSD  to  a  standby 
condition. 

2)  Load  the  MATS  if  required. 

3)  Start  MATS  at  address  40(90.  Computer  will  halt 

4)  Power-up  high  voltage  to  the  DSD. 

OPCH  GATE 


SECOND  SET  MADE  _J_TO  LIGHT  PATH  AT  CENTER 


6.2  CENTERING 


This  test  satisfies  Section  3.S.7  of  IBM  75-M35-C02.  Verify  that 
the  centering  adjustments  on  the  X  and  Y  deflection  preamplifiers  can 
move  the  center  point  of  the  rectangular  cross-hatch  test  pattern  about 
the  center  point  of  the  scribed  pattern  on  the  overlay. 

1)  Set  the  PDP-8  switch  register  (SR)  to 

2)  Erase  the  display. 

3)  Press  continue  -  the  alignment  test  pattern  will  appear. 

4)  Make  the  required  measurements  and  record  the  data, 
repeating  steps  2  and  3,  as  needed. 

Test:  Electrical  Centering 


E-17 


6.3  LINEARITY 


This  test  satisfies  Section  3.5.6. 1  of  IBM  75-M35-002.  With  the 
grid  overlay  in  place  over  the  screen  and  the  cross-hatch  test 
pattern  presented  on  the  screen,  verify  that  the  site  of  any  square  in 
the  image  does  not  deviate  by  core  than  0.15  inch  from  the  site  of  the 
corresponding  squares  in  the  scribed  line  pattern  on  the  overlay. 

1)  Set  the  PDP-8  switch  register  (SR)  to 

2)  Erase  the  display. 

3)  Press  CONTINUE  -  the  alignment  test  pattern  will  appear. 

4)  Make  the  required  measurements  and  record  the  data, 
repeating  2  and  3,  as  needed. 

Test :  Linearity 

Equipment : 

Alignment  pattern  on  DSD 
Grid  overlay  on  viewing  screen 
Scale  and  magnifier 
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Measurements : 


Measure  the  deviation  of  the  projected  CRT  image  from  the  CRT 
image  from  the  gTid  overlay  in  the  horiiontal  and  vertical  direction 
at  the  9  locations  specified  below. 


T.L.  T.C. 

x  •  -0.0&5  x  • 

Y  m  +  0.1  Y  * 

C. L.  C. 

x  •  0.010  * 

r  •  +  0.035  r 

B. L.  B. 

*  ■  -O.GlO  x 

y  •  -  o.oso  y 


T.R. 

0,0 

x  ■  +  O.  I  2.0 

0,0 

y  •+  0.230 

C.R. 

-0.02.0 

X  •  —  o.oc>5 

+  0.015 

y  *  +o.o35 

B.  R. 

-  0.005 

*  "  +0.  120 

+  0.0  2.5 

y  ■  - o.cOO 

Passed : 
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6.4  LINE  WIDTH 


This  test  satisfies  Section  3.5.5. I  of  IBM  75-M35-002.  Verify  that 
the  aaximua  line  width  in  a  cross-hatch  test  pattern  is  no  greater  than 
0.040  inch  anywhere  on  the  screen  at  tha  SO  percent  brightness  points. 

1)  Set  the  PDP-8  switch  register  (SR)  to  PlW. 

2)  Erase  the  display. 

3)  Press  CONTINUE  -  the  alignaent  test  pattern  will  appear. 

4)  Make  the  required  aeasurements  and  record  the  data, 
repeating  steps  2  and  3,  as  needed. 

Test :  Line  Width 

t  :.ui;--.cnt : 

Alignment  pattern  on  DSD 
Measuring  nagnificr 

Mcasurer.cnts : 

Measure  the  line  width  of  the  horizontal  and  vertical  lines 
at  the  9  locations  shown  below. 


3-25-75  T.L.  I’*2'1* 

*-z«r-tr  T  c  ^-iz-rr 

3'«'-^t.r.  ***** 

CRAPH  1  H  ■  ,0/64 

H  • 

•  •U  a-,  .c/70 

V  •  ,C/9(i 

V  • 

v  • 

C.L. 

1  C* 

C.R. 

If  • 

H  •  0&IXC 

M  a 

V  • 

v  •  » 0  £34 

V  ■ 

B.L. 

B.C. 

B.R.  j 

»*  •  •*&?£ 

.025*4/  h  . 

1!  - 

v - .nil 

V  • 

V  • 
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Passed: 

.  ta.0 


6.5  SPOT  CROtfTH 


This  test  satisfies  Section  3. 5. S. 3  of  IBM  7S-M3S-002.  Verify  that 
the  line  widths  of  the  cross-hatch  test  pattern  do  not  vary,  from  the 
narrowest  line  to  the  widest  line,  by  a  ratio  of  aore  than  1.4  to  1 
over  the  entire  screen  surface. 


Set  the  PPP-8  switch  register  (SR)  to  0099. 

Erase  the  display. 

Press  CONTINUE  -  the  alignment  test  pattern  will  appear. 
Make  the  required  Measurements  and  record  the  data, 
repeating  steps  2  and  3,  as  needed. 

Test:  Spot  Growth 


Alignment  pattern  on  display 
Measuring  aagnifier 

Measurements 

Locate  and  Measure  the  largest  and  smallest  line  widths  on 
the  screen. 

Largest  line  width  (LLW)  •  4  >03*/ 

Smallest  line  width  (SLV)  •0*O'Z  / 

Calculate  -  /,  £ 

Passed: 


1) 

2) 

3) 

aura  i  4j 
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o . b  \  ECTOR  UNIFORMITY 


Tins  test  satisfies  a  portion  of  Section  3. 5. 2. 3  of  IBM . 75-M35-00 
Brightness  measurements  of  vectors  shall  be  saJc  over 

various  positions  of  the  screen,  including  all  four  corners,  to  verify 
that  there  is  no  core  than  bQ  percent  variation  in  brightness  across  t 
entire  screen  according  to  the  formula: 


.RAFH  1 


B 

max 


a 


B 

min 


X  100 


\  of  brightness  variation 


Near-area  brightness  variation  shall  be  tested  by  measure— :ent  of 
brightness  within  a  three-inch  area  and  verifying  that  the  variation  i 
less  than  40  percent  according  to  the  above  formula. 

1}  Set  the  PDP-S  switch  register  (SR)  to  MV. 

: ;  Lrase  the  display. 

.V  Press  CONTINUE  -  the  alignment  test  pattern  will  appear. 

4:  Make  the  required  measurements  and  record  the  data, 

repeating  steps  2  and  3,  as  needed. 

Test:  Brightness 

,  Equipment : 

Alignment  pattern  on  DSDT 
Photometer:  Gamma  Scientific 

Lambert  ion  reflection  for  setting  6  FC  ambient  on  screen 
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r 

l 

s 


6.7  i;Hi-L:;n~M:ss,  contest 

This  test  satisfies  a  portion  of  Section  3. 5.2. 5  and  Section  3.5.3 
of  IBM  7S-M35-002. 

Brightness  neasuresents  of  characters  and  vectors  shall  be  r.aae  over 
various  positions  of  the  screen,  including  all  four  corners,  to  verify 
that  there  is  no  sore  than  60  percent  variation  ir.  brightness  across  tiie 
entire  screen  according  to  the  fonsula: 


a  -  a  . 

rax  r.;n 


r.ax 


x  100  ■  »  of  brightness  variation 


Near*arca  brightness  variation  shall  be  tested  by  t easurerent  of 
brightness  within  a  thrce-inch  area  and  verifying  that  the  variation  is 
less  than  40  percent  according  to  the  above  fcrr.ula. 

Several  r.casurcr.cnts  of  the  contrast  ratio  shall  be  made.  The 
brightness  reasurcr.ent  of  a  display  eicnent  (character  or  vector)  shall 
be  -ado,  as  well  as  the  adjacent  background,  and  t lie  contrast  ratio 
calculated  according  to  the  fonsula: 

<RAPH  1 


.  .  .  Displav  eler.cnt  brightness 

contrast  ratio  •  — ■* — * - - 


background  brightness 


•f  I 


■■  H  M 


and  shall  be  at  least  16. 


» i 
:) 
S\ 


Set  the  SR  to  0002. 

Lrasr  the  display. 

Press  CONTINUE  -  the  resolution  test  pattern  will  appear. 

Make  the  required  neasurenents,  repeating  steps  2  and  3,  as  needed. 
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Test :  Brightness 


Alignment  pattern  on  DSC* 


Photoaeter:  Gau  Scientific 


Lambert ion  reflection  for  setting  6  FC  aabient  on  screen 


Measurements: 

Measure  the  line  brightness  and  background  at  9  locations  as 
shown  below.  Meter  reading  to  be  aade  within  1  sin  after  a  write. 


GIAN  2  T. L.  T.C.  T.R. 


Line 

FL 

FL 

FL 

Background 

_ F<. 

_ FL 

FL 

C.L. 

C. 

C.R 

Line 

FL 

FL 

FL 

Background _ 

FL 

_ FL 

FL 

B.L. 

B.C. 

B.R. 

Line 

FL 

FL 

FL 

Background  _ 

FL 

_ FL 

_ FL 

Brightness  Variation  for  Entire  Screen 


Coatpute  variation  based  on  values  entered  on  Sheet  1 


MS 


6.3  RESOLUTION 


This  test  satisfies  Section  3.S.5.2  of  IBM  7S-M3S-OQ2.  While 
utilizing  the  resolution  test  pattern,  verify  that  a  pair  of  lines 
can  be  resolved  when  they  are  spaced  no  more  than  0.03S  inch  (center 
to  center)  apart,  with  at  least  20  percent  modulation  according  to 
the  formula: 

B  •  B 

Percent  aodulation  ■  max  min 

- r -  x  100 

Baax 

D 

Where  sax  is  the  line  center  brightness 

a 

uin  is  the  line  pair  overlap  brightness. 


1)  Set  the  SR  to  0*02. 

2)  Erase  the  display. 

3.)  Press  CONTINUE  -  the  resolution  test  pattern  will  appear. 

4)  Make  the  required  measurements,  repeating  steps  2  and  3,  as  needed 


Test :  Resolution 


Resolution  pattern  on  DSD 
Photometer:  Gamma  Scientific 

Lambert  ion  reflector  for  setting  6  FC  ambient  on  screen 
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Readings  are  needed  only  for  the  line  group  that  has  least 
r.oduluti on  as  judged  by  the  eye. 

Measure  line  spacing  .021  inches. 


E-2U 


6.9  STORAGE 


This  test  satisfies  3.S.8  of  IBM  7S-M3S-002.  With  the  resolution 
test  pattern  on  the  DSD  System  display  screen,  verify  that  the  brightness 
of  the  image  after  30  minutes  of  storage  is  no  less  than  SO  percent  of 
its  initial  brightness. 

1)  Set  the  SR  to  0002 . 

2)  Erase  the  display. 

3}  Press  CONTINUE  -  the  resolution  test  pattern  will  appear. 

4)  Make  the  required  measurements,  repeating  steps  2  and  3,  as  needed. 

Test :  Storage 

Equipment : 

Resolution  pattern  on  DSD 

Phptometer:  Gamma  Scientific 

Measurements : 

Measure  the  line  brightness  immediately  after'  a  write  and  then 

make  successive  reading  on  the  same  line  every  S  min  for  the  next  half  hour 


Initial  reading  St  ft. 

3£j\. 

w/s* 

After  5  min  storage  5*2/2 

2.7  FL 

4"  4.0  >'**  <s- 

ST"0/Z  *  K  <H£  6  t~C  /tut 

After  10  min  storage  fTzg. 

/?  FL 

or  n.»oo  c  ua/ 

4  Of*/*  6-iT' 

After  IS  min  storage  2.7 

fZ  FL 

After  70  min  storage  6^12. 

f  PL 

After  2S  min  storage  S'tjf 

4  FL 

After  30  am  storage 

Passed: 
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6.10  CiiARACTLR  REPERTOIRE 


This  test  satisfies  Sectidn  2. 5. 9.0  of  IBM  7S-M35-002.  Utilising 
the  character  display  test  pattern,  verify  that  the  character  repertoire 
designated  in  3.5.13  and  Figure  3-1  of  ER  EA3325,  is  displayed. 

1)  Set  the  SR  to  0010. 

2)  Erase  the  display. 

3)  Press  CONTINUE  -  the  CHARI  pattern  will  appear. 

h)  M..ke  and  record  the  required  measurements,  repeating  steps  2 
.  and  3,  as  needed. 

Test :  Character  Repertoire 

Icutprcnt :  Character  fornat  on  DSD 

Vcasurcrcnt : 

Verify  that  the  following  26  characters,  10  numeral  and  22 
special  symbols  are  displayed 


6.11  CHARACTER  CLOSURE 


Thii  test  satisfies  Section  3.S.9.1  of  IBM  75-M3S-002.  Verify  that 
the  line  segments  of  each  character  or  symbol  shall  be  closed  or  completed 
to  within  0.015  inch  from  the  idealized  fonts. 


1)  Set  the  SR  to  0010. 

2)  Erase  the  display. 

3)  Press  CONTINUE  -  the  CHARI  pattern  will  appear. 

4)  Make  and  record  the  required  measurements,  repeating  steps  2 
and  3,  as  needed. 


Test:  Character  Closure 


Equiprent : 


Character  formats  on  DSU 


Measuring  magnifier 


Measurements: 

Measure  gaps  between  the  character  strokes  within  a  character 
and  enter  below: 

A  _ ,  B  _ ,  C  _ ,  D  _ ,  E  _ ,  F  _ .  G  _ ,  H  _ ,  I  ■ _ , 

■ .  '  J  _ .  *  _ .  E  M  _ ,  N  _ ,  0  _ ,  P  _ ,  Q  _ ,  R  _ . 

S  T  _ ,  U  _ ,  V  _ ,  W  _ ,  X  _ ,  Y  2  _ . 


0  _ ,  1  _ ,  2  _ ,  3  _ ,  4  _ ,  5  6  _ ,  7  _ ,  8  _ ,  9  _ 


i  » •  »  r  i  □  ■  / . 


2 

.»  VC — .*  ^  — •  ?  — ’  * 


•  *  _ • 


S  — * 


Passed: 


6 . 1 :  CHARACTER  SIZE 

This  test  satisfies  Section  3.S.9.3  of  IBM  75-M3S-002.'  Measurement 
shall  be  made  of  the  height  and  width  of  the  alphanumeric  characters  to 
demonstrate  that  their  height  and  width  are  within  ilO\  of  0.23  inch  and 
0.1S  inch  respectively. 

ll  Set  the  SR  to  0^10. 

2)  Lrase  the  display. 

3)  Press  CONTINUE  -  the  CHARI  pattern  will  appear. 

4)  Make  and  record  the  required  measurements,  repeating  steps  2 
and  3.  as  needed. 

Test:  Character  Site 

Equipment : 

Character  formats  on  DSD 


Measuring  magnifier 


Measurements : 


Measure  th6  height  and  width  of  characters  and  enter  below: 


Character  Height  Width  Character  Height  Width 


A  .  1^0  N 

B  .2*5  .*55  0 

C  P 

u  .2mB  .*50  Q 

E  R 

F  U 

C  V 

H  w 

J  X 

l  Y 

m  : 


J90 


Passed: 
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6.13  Cl  lARACTLR  UN  1  FORM  I TY 


This  test  satisfies  a  portion  of  Section  3.S.2.3  of  IBM  75-M3S-002. 
Brightness  measureaents  of  characters  lai  rrrtnre  shall  be  cade  over 
various  positions  of  the  screen,  including  all  four  corners,  to  verify 
that  there  is  no  core  than  60  percent  variation  in  brightness  across  the 
entire  screen  according  to  the  foraula: 


6.1-1  CHARACTER  POSITION 

This  test  satisfies  Section  3. 5. 9. 2  of  IBM  7S-M3S-002.  Insert  the 
character  location  squares  around  the  characters  and  symbols  and  verify 
that  they  are  centered  within  the  squares  which  are  position-located  by 
the  lower  left  corner. 

1)  Set  S«  to  0*12. 

2)  Erase  display. 

3)  Press  CONTINUE  -  CHAR3  test  pattern  will  appear. 

4)  Verify  that  all  characters  are  centered  within  the  position  boxes 

Test :  Character  Position 

Equip -out :  Encased  character  format 

Measurement : 

Verify  that  all  26  characters,  10  numerals,  and  22  special 
characters  are  centered  within  the  encasing  boxes. 

A  _ ,  0  ; _ ,  C  _ ,  D  _ ,  E  _ ,  F  ,  G  .  H  _ ,  1  _ , 

d  _ .  X  _ .  I  ,  M  _ ,  N  _ ,  0  _ ,  P  _ .  d  ,  R _ . 

S  T  U  _ ,  V  _ ,  K  _ ,  X  Y  _ .  : 

0  _j_,  1  _ .  2  3  _ .  4  _ ,  s  _ _ ,  6  _ .  7  8  9  _ . 

*  >  o  »  i  »  •  » r  » ?  >  x  » /  *  *  .» 

-  »  f  »  A  ■  >  ~  ’  O  >  a  _<  d  »  &  ___• 

0 _ .  ✓ _ .  \ _ .  /* _ . 

Passed: 
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IS  CHARACTER  Ut'jSlTY 


1)  Set  SR  to  MIS. 

2)  Erase  display. 

3)  Press  CONTINUE  -  141  x  72  characters  wi 

4)  So  aeasureoents  required. 


K- 16 


11  appear 


6.16  CHARACTER  SPACING 


This  test  satisfies  3.S.9.4  of  IBM  7S-M35-002.  Verify  that  the 
center- to-center  spacing  of  the  characters  is  programmable  in  increments 
of  .02  inch  or  less. 

1)  Set  SR  to  0011. 

2)  Erase  display. 

3)  Press  CONTINUE  -  CHAR2  pattern  will  appear. 

4)  Make  and  record  measurements. 

Test :  Character  spacing 

Equipment : 

Character  spacing  format 
Measuring  magnifier 


Measurements : 


Measure  the  character  spacing  for  each  spacing  group. 
Group  1  .06  ?5 
Group  2  .  OP 
Group  3  ,  IQS 
Group  4  .  *  2.  2.23 
Group  S  .  I M  5 
Group  6  .  l(*5 
Group  7  _ 


Group  8 
Group  9 


G2-G1  •  ,0  2.0 
G3-G2  •  ,  0»  ~>S 
G4-G3  •  .PITS' 
GS-G4  •  .  OZ2.S 


C6-GS  • 
G7-G6  • 
G8-G7  • 
C9-G8  • 


02.0 


Passed: 
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CHARACTER  SIZE  CONTROL 


)  Set  SR  to  |JiS  14 . 

!)  Erast  display. 

i)  Press  CONTINUE  -  CHAR 4  pattern  wi 

l'i  Vcrifv  site  control  exists. 


11  appear 


6.13  GREY  SHADES 


This  test  satisfies  3. 5.4. 2  of  IBM  7S-M35-002.  With  the  conventional 
stop  in  place  and  the  aaxiaua  brightness  control  setting,  verify  that  the 
DSD  Systea  is  capable  of  presenting  six  shades  of  grey  on  the  viewing 
screen.  Each  successively  brighter  grey  shade  sholl  be  at  least  IS*» 
brighter  than  the  preceding  shade. 

Set  SR  to  0004. 

Erase  display. 

Press  CONTINUE  -  grey  shade  pattern  will  appear. 

Make  and  record  aeasureaents ,  repeating  steps  2  and  3  as  required 


1) 

:) 

GRAPH  7 
3-22-75  3) 

4) 


Test :  Grey  shades 

Equipment : 

Grey  shade  fornat 
Photoaeter:  Ganaa  Scientific 


Mcasure»ents: 

Measure  the  raster  line  brightness  in  each  shade  area  and  enter 
the  values  below.  Make  each  aeasureaent  within  1  ainute  of  a  write. 


Background  Shade  I  **  j  FL 
Raster  Line  Shade  II  2.. S  FL 
Raster  Line  Shade  III  FL 
Raster  Line  Shade  IV  29  FL 
Raster  Line  Shade  V  ,3 Ct  FL 


Passed: 
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6.19  ERASE  ACCURACY 

This  test  satisfies  Section  3.S.6.4  of  IBM  75-M35-Q02.  Verify  that 
the  erasure  of  a  data  block  is  complete  while  not  distrubmg  adjacent  data 
blocks  where  the  separation  distance  of  the  rear  elements  in  the  two  data 
blocks  is  0.30  inch. 

1)  Lrase  display. 

Set  SR  to  £P01. 

3)  Press  CONTINUE  -  SLCkl  pattern  will  appear. 

4)  Make  spacing  ncasureiscnts . 

5)  Set  SR  to  0003. 

b)  Press  CONTINUE  -  nine  data  blocks  will  be  erased. 

7)  Verify  erase. 

Test :  Erase  Accuracy  Date: 

hiuj i ;  r>cnt :  Measuring  eagnificr 

Me asurenc  nt  s' : 

Spacing:  Measure  the  guard  band  between  several  distributed  data 


blocks. 

Block  1: 

UP 

,  DOKN  • 

.  LEFT  • 

,  right 

■ 

Block  2: 

UP 

• 

,  DOhN  « 

.  LLFT  • 

.  ricut 

■ 

Block  3: 

UP 

,  DOWN  • 

.  LEFT  • 

,  Ricirr 

• 

Block  4: 

UP 

,  OOkN  • 

,  LEFT  • 

,  Ricirr 

• 

Block  5: 

UP 

■ 

DOWN  •  _ 

_ _ ,  LEFf  •  _ 

_ _ ,  Ricirr 

V 

Lrase:  Verify  data  blocks  are  erased 

Verify  other  data  blocks  are  not  affected. 
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Passed: 


6.20  RthRITt  ACCURACY 


This  test  satisfies  Section  3.S.6.2  of  IBM  7S-M35-002.  Demonstrate 
with  the  data  block  test  pattern  that  a  single  block  of  data  can  be 
selectively  erased  and  rewritten  to  within  0.030  inch  in  either  axis  of 
its  original  position.  No  other  data  shall  be  added  or  deleted  anywhere 
else  on  the  screen, 

1)  Erase  display. 

2)  Set  SR  to  9001. 

3)  Press  CONTINUE  -  BLCK1  pattern  will  appear. 

4)  Locate  the  9  selective  erase  blocks  and  erasure  their  locations 
relative  to  X  and  Y  reference  lines  in  the  snail  reference  grids 

5)  Set  SR  to  0003. 

6)  Press  CONTINUE  *  the  9  blocks  will  be  erased. 

7)  Set  SR  to  0007. 

8)  Press  CONTINUE  -  the  9  blocks  will  be  rewritten. 

9)  Measure  the  new  relative  X  and  Y  positions  for  the  9  blocks. 

Test :  Rewrite  accuracy 

lnuipaent :  Measuring  Magnifier 


6.21  OVERWRITE  ACCURACY 


This  test  satisfies  Section  3.S.6.-5  of  IBM  7S-M3S-C02.  Verify  that 
the  rewriting  of  a  data  block  can  be  done  such  that  the  overwritten  data 
registers  to  within  0.030  inch. 

Erase  the  display. 

Set  the  SR  to  H0  1. 

Press  Continue  -  ELCK1  pattern  will  appear. 

Set  the  S',  to  0007. 

Press  CONTINUE  -  9  blocks  will  be  overwritten. 

Examine  t.ie  overwritten  blocks  under  magnification.  Due  to 
the  natu-e  of  the  DSt)  the  spacing  of  lines  can  only  be  measured 
if  they  are  more  than  one  resolution  unit  (RU)  apart  (the 
resolution  unit  was  established  in  Test  6.8).  If  lines  are 
separated  by  less  than  about  4  resolution  unit,  the  two  lines 
merge  tnto  a  brighter  line.  If  the  separation  is  between  about 
RU  and  1  RU  the  lines  interfer  and  result  in  a  single  dim 
line.  Record  observations. 

Test :  Overwrite  accuracy 

Equipment :  Measuring  magnifier 


1) 

:) 

3) 

4) 

5) 
b) 


R-43 


Measurements 


Block  A<  1}  RU  (bright  line)  S  RU<A<  RU  (Jim  line)  A<  RU  (Measure) 

TL 

TC 

TR 

CL 

cc 

CB  . 

BL  ■ 

BC 

UR 

(Check  column  1  or  2,  or  insert  measurement  in  Column  3) 

Passed : 


E~U 


K" 

|  : 


i- 
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6.22  WRITING  RATE  AND  TlVg 

This  test  satisfies  Sections  3. S. 10,1  and  3.5.11  of  IBM  75-M3S-G02. 

6.22.1  LINE  RATE 

By  measurement,  determine  that  the  OSD  System  is  capable  of  writing 
data  at  a  rate  of  at  least  20,000  inches  per  second  at  the  screen. 

1)  Erase  display. 

2)  Set  SR  to  0006. 

3)  Press  CONTINUE. 

4)  Measure  the  length  of  the  vector  which  appears. 

5)  Erase  display. 

6)  Turn  high  voltage  off. 

7)  Connect  an  oscilloscope  to  L2S-10  on  the  digital  backpanel.  (Vecto 

Gen 

8)  Press  CONTINUE. 

9)  Scope  trace  will  resemble  Figure  6.22.1  -  measure  T^  and  calculate 
line  speed. 

10)  Set  SR  to  0006  -  program  will  halt. 

11)  Turn  on  high  voltage.  , 


Date: 


TEST:  Line  Speed 
EQUIPMENT: 

Scale 

Oscilloscope 

MEASUREMENTS: 

Vector  length  •  2.0  “ 

Tj  •  "Z.  t>  as 


Calculate  line  speed 
Vector  lcneth  , 

- - —  x  we 


7Ct->  inches  per  second 


Passed 


i 


k 


£r 

t 


6.22.2  CHARACTER  TIME 

Verify  that  any  defined  synbol  can  be  written  in  100  us  or  less. 
1}  Erase  display. 

2)  Set  SR  to  0010. 

3)  Press  CONTINUE  -  CHARI  pattern  will  appear. 


4)  Verify  that  characters  appear. 

5)  Erase  display. 

6)  Turn  high  voltage  off. 

7)  Attach  scope  to  N12-2  on  digital  backpanel  (character  generator)^) 

8)  Set  SP.  to  00S0. 

9)  Press  CONTINUE  -  program  will  not  halt. 

10)  Scope  trace  should  resemble  Figure  6.22.2,  measure  T  . 

11)  Set  SR  to  0010  •  program  will  halt. 

12)  Turn  high  voltage  on. 


Figure  6.22.2 


TLST :  Character  Tine 


Date: 


LCU1PMLM: 

Oscilloscope 


MLA.SL'ULMt:NTS: 

Verify  character  write 


T 

“a* 


us 


Passed 


6.22.3  DATA  RATL 


Verify  that  the  system  is  capable  of  accepting  and  displaying  * 
new  character  every  100  microseconds  or  less. 

1)  Lrase  the  display. 

2)  Set  the  SR  to  0017. 

3)  Press  CvJ.VTl.VJt.  -  BLCk4  pattern  will  appccr. 

4)  Verify  characters  are  written. 

5)  Lrase  the  display. 

61  Turn  high  voltage  off. 

7),  Connect  oscilloscope  to  N12-2  on  the  digital  backpanel 
(character  generate). 

•S)  Set  SR  to  W37. 

!>)  Press  CONTI  SOL  -  program  will  not  halt. 

10)  Set  scope  time  base  to  alternate,  delayed. 

11)  Set  A  sweep  rate  to  10  us/crnti»eter  and  to  auto  trigger. 

12)  Set  B  sweep  rate  to  1  ns/centieetcr  and  to  manual,  trigger 


K-49 


6.22.4  ERASE/KRITE  CYCLE  RATE 

Verify  that  the  erasure  and  rewriting  of  a  100  character  data  block 
can  be  accomplished  with  a  100  millisecond  time  period. 

1)  Erase  the  display. 

2)  Set  SR  to  ms. 

3)  Press  CONTINUE  -  BLCK3  pattern  will  appear. 

4)  Press  CONTINUE  -  verify  that  erase  and  rewrite  occurs  -  repeat 
step  4  as  required  for  verification. 

5)  Erase  display. 

6)  Turn  high  voltage  off. 

7)  Connect  oscilloscope  to  N 1 2 - 2  on  digital  backpanel  (character 
generate) . 

8)  Set  SR  to  0045. 

9)  Press  CONTINUE  -  program  will  not  halt. 

10)  Scope  trace  will  resemble  Figure  6.22.4  »  measure  T^.. 

11)  Set  SR  to  0005  *  program  will  halt. 

12)  Turn  on  high  voltage. 


> - -  T,„  - * - 

Tigure  6.22.4 

TEST:  Erase/Write  Time  Date: 

EQUIPMENT :  Oscilloscope 
MEASUREMENTS: 

r  .  ms  Passed: 

rE*  - - - 


rs~  »  '**<.* 
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6.23  ERASE  TIME  AND  CONTROL 


This  test  satisfies  Section  3. S. 10.2  of  IBM  7S-M3S-002. 


Determine  by  measurement  that  selective  erasure  of  data  is  done  at 
such  a  rate  that  a  square  inch  of  data  on  the  screen  is  erased  in  10 
milliseconds  or  less.  Verify  that  the  test  program  can  selectively 
erase  and  rewrite  randomly  placed  data  blocks  in  a  cyclic  fashion. 

Test  the  ability  of  the  display  to  be  totally  erased  under  manual  control. 


1)  Erase  display. 
2J  Set  SR  to  0001. 


3) 

4) 

5) 

bj 

7) 

*) 

9) 

10} 

11) 

iz) 

13) 


14) 

15) 

16) 
17) 
IS) 
19) 


Press  CONTINUE  -  BLCK1  pattern  will  appear. 

Set  SR  to  0003. 

Press  CONTINUE  •  9  data  blocks  will  be  erased. 

Set  SR  to  0007. 

Press  CONTINUE  -  erased  blocks  will  be  rewritten. 

Verify  cyclic  operation  by  repeating  steps  4-7  as  required. 
Measure  the  size  of  one  of  the  erased  blocks. 

Calculate  the  erased  area. 

Erase  the  display  and  verify  erasure. 

Turn  high  voltage  off. 

Connect  an  oscilloscope  to  N12-2  on  the  digital  backpanel 
(character  generate). 

Set  SR  to  $0*3. 

Press  CONTINUE  -  program  will  not  halt. 

Scope  trace  should  resemble  Figure  6.23,  measure  Tg. 

Set  SR  to  0003  -  program  will  halt. 

Turn'  high  voltage  on. 

Calculate  erase  time  fot  1  sq  in.  block. 


HI 


Date 


TEST :  Erase  Time  and  Control 
EQUIPMENT:  Oscilloscope 
MEASUREMENTS: 

Verify  erase/write 
Verify  manual  erase 
Block  site:  x  ■ 


Block  area  •  x  -  y  » 


ms 


Erase  time,  1  sq  in.  ■  ♦  Block  area  ■  • 
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TEST  MATRIX 
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May  30,  1975 


Office  of  Systems  Engineering  Management 
Federal  Aviation  Administration 
A00  Independence  Avenue 
Washington,  DC 

• 

Attn:  Dr.  Carlo  J.  Broglio 
Systems  Analyst 

Gentlemen: 

IBM  is  pleased  to  respond  to  your  request  for  estimates  regarding  the 
ultimate  production  prices  of  consoles  based  on  the  Deformographie 
Storage  Display  Tube  (t)$0T)  Technology.  In  the  absence  of  a  detailed 
specific  definition  of  the  consoles  to  be  priced,  we  have  made  engi- 
nee- 4».,’  estimates  based  on  the  following  assumptions: 

1.  The  consoles  would  be  functionally  identical  to  the  uni?  we 
recently  delivered  to  NAHC  except  that  they  would  interr  .ee 
with  the  CCC  in  the  enroute  centers  rather  than  the  laboratory 
computer  at  NAFFC.  The  internal  packaging  and  circuit  technology 
would  be  completely  redone  to  pro.ide  maximum  cost  advantage  for 
a  large  volume  production  run. 

2.  The  recurring  and  non-recurring  costs  are  based  on  a  1000-unit 
buy  with  100  units  delivered  during  the  second  year  and  2b  units 
per  monrh  in  the  »5th  through  60th  months. 

3.  Labor,  overhead  and  all  other  rates,  factors  and  elements  of 
cost  are  based  solely  on  1975  rates  and  quotations.  Therefore, 
these  estimates  arc  in  1975  dollars  and  would  have  to  be  factored 
upward  to  allow  for  cost  escalation  resulting  from  inflation. 

For  schedule  assessment  purposes  we  assumed  a  go-ahead  in  the 
first  qua  ter  of  197b'. 

4.  These  estimates  assume  that  the  CCC  provides  the  display  date  in 
a  format  reasonably  compatible  with  the  DSDT;  i.e.,  mitre  or  less 
in  accordance  with  ‘.he  approach  followed  with  the  VAFFC  unit. 
Within  these  groundrules,  this  console  would  he  able  to  provide 
the  functions  presently  Incorporated  In  the  Flight  Strip  Printer, 
the  Flight  Strip  Posting  Console,  and  the  Computer  Readout  and 
Update  Display.  In  addition,  this  console  has  the  graphics  capa¬ 
bility  to  provide  a  backup  capability  for  the  Plan  View  Display 
(PVD)  with  the  Information  being  periodically  updated  from  the  CCC 

r-i 
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rather  than  refreshed  many  times  a  second  as  with  the  PYD.  The 
display  surface  can  also  be  toned  off  to  present  or  her  types  of 
data  simultaneously  with  flight  strips,  such  as  weather,  NOT  AMS 
and  other  tabular  or  graphical  data. 

5.  An  I  PH-mcv!:  f  led  CFf:  cabinet,  was  assumed.  However,  there  would 
not  be  a  major  cost  impact  if  the  cabinet  were  fabricated  by  HIM 
rather  than  modifying  a  OIT;  structure. 

6.  The  unit  would  bp  designed  and  built  to  good  commercial  practice 

•  with  the  2100  series  of  specs  as  a  g.neral  guide.  This  same  type 
of  approach  was  very  successfully  used  on  the  CxC  ar.J  provides 
significant  cost  advantages  without  any  loss  of  reliability  or 
performance. 

This  estimate  does  not  include  any  of  the  following  items  since 
*hcy  arc  not  part  of  the  basis.  c'n<ole  cost  and  we  did  not  have 
the  necessary  information  to  do  an  accurate  estimate: 

al  Shipping  and  installation 
b)  Training 

cl  Maintenance  or  warranty 

d'  Modifications  or  additions  (if  anvl  to  the  C(Y  hardware  or 
software . 

5  The  non-recurring  estimate  does  include  all  the  normal  non-recurring 
Jesig-  1  start-up  activities  we  thought  would  be  applicable,  such 
as  t  ,  test  equipment,  conversion  of  packaging  and  technology, 

mair.t.i  ;  !  it v  and  reliability  analysis,  quality  engineering, 

manuals  and  other  documentation,  interface  design,  human  factors 
ana  1  \ >  i  * ,  etc. 

9.  Thc  recurring  price  estimates  are  alro  complete  figures  including, 
m  addition  to  Jinct  hardware  costs,  testing,  program  management  , 
engineering  support  to  manufacturing,  general  and  administrative 

Vonse,  and  all  other  elements  that  normally  go  into  a  unit  selling 
'  •  price. 

10.  Two  configurations  have  been  estimated:  a  console  wivi  a  single 
t»S0T  anJ.  a  console  with  two  PSPTs  proiccttng  on  a  single  viewing 
screen.  In  the  dual-PSOT  unit  the  CRT ;  light  source;  tens  system; 
del  lection,  video  and,  erase  circuits;  and  all  assoc*atod  power 
supplies  have  been  duplicated.  In  all  other  rcspcc's,  thc  two 
configurations  are  identical,  i.e.,  only  ne  set  o';*  electronics, 
power  supplies,  etc.,  have  been  assumed  f'r  ..uc‘  function*,  as 
interface,  display  generation  and  overall  unit  control.  !n  addi¬ 
tion,  there  is .very  little  difference  m  the  cabinet,  mirrors  and 
view  :.g  screen  whether  one  OSPT  or  two  is  assumed.  Since  thc 
second  PM»T  projector  is  essentially  u  duplicate  of  the  .first, 
there  is  no  significant  difference  »n  non- rocurr ing  costs. 
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On  the  basis  of  these  assumptions,  our  engineering  est iraates  are  as 
follows: 


Single-head  console: 
Dual -head  console: 
Non-recurring  expense: 


$28,000  each 
$41,000  each 
$4.6  ail  lion 


i 

W.  L.  O.rogan,  Controller 
Av, ionics  Systems 


NIC: at 
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Progress  report  -  PAA  16-234  (Activity  03) 

Evaluation  of  the  Deforuographica  Storage  Display 

Chief,  Simulation  and  Analysis  Division,  ANA-200 

ARD-100 

The  Defonsographics  Storage  Display  (DSD)  fabricated  by  IBM,  Owego,  N.Y., 
was  delivered  to  NAFEC  in  May  1973.  Following  installation,  site  acceptance 
testing  and  software  integration,  which  was  completed  In  July,  the  system 
has  been  subjected  to  a  series  of  engineering  tests.  The  Information 
contained  herein  la  (1)  a  summary  of  the  display  performance  data  collected 
to  date,  (2)  a  near-term  expected  performance  Improvement  aunmary,  and  (3) 
tentative  conclusions  relative  to  the  deformographlc  display  technique.  This 
information  complements  the  data  from  the  factory  acceptance  tests  which  we 
provided  to  AKD-110  in  April,  and  other  data  and  performance  characteristics 
provided  to  ARD-110  in  the  Interim. 

Ue  are  also  preparing  a  follow-on  data  report  which  will  Include  all  of  the 
baseline  data  and  other  pertinent  display  characteristics  measured  or  derived. 

By  agreement  with  Mr.  John  Edgbert  ARD-110  this  data  report  will  contain  an 
analysis  of  the  DSD  performance  as  compared  against  the  engineering  requirement 
for  an  en  route  electronic  tabular  display  that  is  being  formulated  by  Mr. 
Edgbert.  Ue  understand  that  the  purpose  of  this  comparison  Is  to  determine 
whether  the  DSD  should  be  considered  ss  s  candidate  In  competition  with  other 
displays  which  can  or  may  meet  the  engineering  requirement.  Ue  expect  receipt 
of  the  final  version  of  Mr.  Edgbert 's  document  in  the  very  near  future. 

Engineering  Analysis  Summaries 

Measured  Performance 

The  folliMlng  display  characteristics  wrt  measured  under  the  same  conditions, 
with  no  change  in  controls  operating  levels: 

1.  Brightness  over  the  full  22-  by  32-inch  screen:  minimum  24  foot-laaberfs, 
maximum  39  foot-lmaberta. 

2.  Line  width  variations  over  ths  39-inch  diameter  screen:  maximum  0.023 
Inches,  minimum  0.023  inches. 

3.  Smallest  useable  character  block  on  22-  by  32-inch  display:  0.142  Inches 
high  by  0.107  Inches  vlds.  Sines  s  minimum  of  20  percent  is  Included  in  esch 
dimension  for  spscs,  this  results  in  s  chsrscter  of  0.125  by  0.07  Inches. 

This  corrssponds  to  0.645  percent  dimensionally  vertically  end  0.33  percent 
horizontally,  regardless  of  final  display  sits. 
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4.  Minimum  line-to-line  spacing  over  Che  display:  0.033  inches  for 
parallel  vectors. 

5.  Background  brightness,  fluorescent  rooei  lighting  conditions  with  20  to 
30  foot-candles  ambient:  less  than  1  foot-lanbert  measured. 

6.  Contrast  ratio  (as  above):  worst  case  25:1;  best  case  39:1  under  20  to 
30  foot-candles  ambient. 

7.  Data  registration  rewrite  accuracy:  with  erasure  between  rewrite  0.012 
inches,  without  erasure-less  chan  .001  inches. 

8.  Data  linearity:  0.8  percent  overall  worst  case  at  top  of  screen. 

9.  Optical  Magnification:  13X. 

10.  Flood  erase  time  for  10,000  characters  on  screen:  200  milliseconds. 

11.  Screen  gain:  1.8  to  1. 

12.  Writing  rate:  500  inches /second,  maximum  character  time  100  microseconds 

13.  Long-term  stability  (draft):  less  than  0.001  inch  over  a  week  including 
on  and  off  cycles. 

14.  Long-term  character  size  and  brightness:  no  measureable  change  in  data 
rewritten  over  a  1-week  period. 

15.  Cray  shades:  alx  linear  shades  visible. 

16.  Selective  erase  accuracy  repeatability:  same  as  rewriting  accuracy. 

Safe  separation  distance  between  data  for  erasure:  0.15  inches  on  a  22-  by 
32-lnch  display. 

17.  Storage  time:  12  minutes  to  50  percent  brightness,  30  minutes  to  10 
percent  brightness. 

18.  Character  closure,  size  positioning,  and  spacing:  all  nominal  and 
not  critical. 

19.  Erase  time  for  selective  erase,  after  switching:  same  as  one  write 
character  time;  maximum  of  100  microseconds  per  character. 

20.  Optical  distortion:  insignificant  (less  than  .1  percent). 

21.  Dust,  smoke,  and  normal  building  vibrations  do  not  measurably  affect 
performance. 

Near-Term  Expected  Performance 

Based  upon  extrapolation  of  data  resulting  from  our  engineering  tests,  and 
information  provided  by  IBM  relative  to  their  on-going  DSD  improvement 
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program,  the  following  improvements  in  DSD  performance  are  already  achieved 
or  are  considered  realizable  for  any  additional  units  fabricated. 

1.  Typical  nominal  character  size  on  a  20-inch-square  display  to  be 
equal  in  size  to  standard  pica  typewriter  type  (.094  inch  high  by  .067  inch 
wide). 

2.  Typical  brightness  improvements  as  a  function  of  display  size  and 
lamp  wattage  choice  to  result  in  more  than  100  foot-lamberts  on  a  20-inch- 
square  screen. 

3.  Erase  time  to  be  less  than  50  milliseconds  for  a  full  screen  of 
date. 

4.  Selective  erase  sepsratlon  zone:  0.1  inch  maximum  on  22-  by  32-incli 
display. 

5.  Data  linearity:  0.2  percent. 

6.  Borderless,  tiled,  edge  overlapped  or  butted  displays  with  continuous 
display  addressable  viewing  surface. 

7.  Long-term  storage  of  displayed  data:  30  minutes  to  50  percent 
brightness. 

8.  Very  long-time  storage  of  data  with  retained  high  performance 
(2-4  hours)  with  subliminal  refresh. 

9.  Minimum  of  two  colors  for  data. 

Conclusions 

Taking  into  consideration  the  above  information,  combined  with  our,  dally 
observations  of  the  DSD  operation  and  the  maintenance  procedures  applied  over 
the  past  3  months,  we  have  formulated  the  following  set  of  preliminary 
estimates  of  DSD  capabilities  and  potential: 

1.  The  electronic  design  is  more  than  adequate  for  prolonged  testing 
and  use  in  laboratory  or  field  operation. 

2.  The  performance  demonstrated  is  clearly  satisfactory  for  the  Intended 
display  of  tabular  data  and  graphics. 

3.  The  5-inch  CUT,  which  i*  a  critical  subunit  of  the  DSD,  is  presently 
being  produced  at  IBM  and  by  other  CXI  subcontractors  and  appears  to  offer 
no  production  probleaw. 

4.  The  optical  system  is  considered  established,  useable,  and  implement- 
able,  and  variations  of  it  to  produce  other  size  displays,  or  to  remote  the. 
image  from  the  CUT  and  optics,  are  considered  well  within  the  capabilities  of 
modern  optical  design. 
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5.  The  stability  of  the  optica  and  CRT  are  greater  than  that  presently 
accepted  for  operational  use. 

6.  The  lamp  source  la  a  long  term,  Inexpensive  unit  well  proven  In 
military  applications. 

7.  The  inherent  design  of  the  DSD  appears  to  satisfactorily  solve 
existing  problems  of  reflections,  excessive  contrast,  glass  tube  safety, 
parallax,  heat  generation,  power  consuaptlon,  maintainability,  power  failure 
(fall  safe)  and  others  which  presently  are  absorbing  agency  manpower  and 
dollars. 

8.  The  options  available  for  screen  sire,  screen  material,  multiple 
image  overlap,  microfilm  projector  incorporation,  constant  contrast  over 
widely  varying  ambients,  and  multiple  function  usage  are  unmatched  by  any 
other  display  device. 


W.  H.  KOCH 
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APPENDIX  H 

IBM  CORPORATION,  EXECUTIVE  SUMMARY  OP  A  PROPOSAL 
FOR  A  DSD  EVALUATION  CONSOLE 
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EXECUTIVE  Sl**tt*Y 


During  197S  th*  FAX  comp  let  ad  on*  of  tha  most  significant  advances 
«v*r  mad*  in  command  and  control  systems.  NAS  Stage  A  is  an  outstanding 
example  of  th*  proper  application  of  advanced  data  processing  and  display 
technology  against  a  highly  complex  requirement.  However,  in  tbs  midst 
of  this  impressive  progress,  one  obvious  anachronism  remains:  th* 
system  still  relies  on  manually -hand led  strips  of  paper  produced  by 
electro-mechanical  printers. 

For  more  than  a  decade  the  FAX  and  IBM  have  worked  together  to 
develop  creative,  effective  solutions  to  problems  such  as  this.  Over 
th*  past  year,  IBM  has  been  working  with  SRDS  and  NAFSC  on  a  display 
technology  that  fully  satisfies  th*  requirements  for  electronic  display 
of  flight  progress  data  and  other  tabular  information. 

Th*  technology  is  called  Deformographic  Storage  Display  (DSD) . 

This  ''Executive  Sumaary"  provides  an  overview  of  a  recommended  next  step 
in  applying  DSD  to  th*  FAA's  flight  strip/tabular  data  needs  —  a  step 
which  would  allow  the  FAA  to  evaluate  th*  numerous  benefits  for  air 
traffic  control  that  are  inherent  in  this  powerful  new  display  tech¬ 
nology.  A  detailed  description  of  the  proposed  hardware,  software  and 
integration  concepts  has  also  been  prepared.  Me  would  appreciate  an 
opportunity  to  cobalt  this  more  detailed  "white  paper”  for  th*  FAA's 
consideration. 


THE  DILBMNA 

There  are  same  good  reasons  why  printed  flight  progress  strips  and 
manual  posting  cmnscles  are  still  being  used,  dhatever  their  limita¬ 
tions,  paper  strips  do  provide  an  almost  swi limited  capacity  for  displaying 
flight  prograss  information  in  an  uncrowded  format.  The  large  viewing 


surface  of  a  manual  posting  consol#  allows  the  strips  to  be  spread  out 
for  the  user's  convenience.  And  if  failures  occur  anywhere  in  the 
system,  paper  flight  strips  will  continue  to  provide  static  flight  data. 

Nonetheless,  manual  posting  of  flight  progress  strips  has  major 
deficiencies  —  so  much  so  that  its  replacement  seems  to  hinge  primarily 
on  finding  a  suitable  electronic  display  alternative.  But  until  recently 
an  acceptable  alternative  was  not  available.  Most  electronic  displays 
have  only  a  fraction  of  the  data  capacity  of  a  manual  posting  console. 
Furthermore,  on  most  displays  any  failure  or  loss  of  power  can  wipe  out 
the  displayed  information. 

Therefore,  until  a  better  approach  could  be  found,  the  choice  was 
between  two  equally  undesirable  alternatives.  One  alternative  is  the 
present  manual  approach.  It  imposes  such  handicaps  as  (lj  the  time* 
consuming  process  of  handling  physical  strlpr  of  paper,  (2)  the  noise 
and  maintenance  associated  with  printers,  (3)  a  lack  of  closed-loop 
response  and  total  aystam  Integration,  plus  (4}  numerous  duplications  of 
operator  effort  wham  interacting  with  a  part ly -automated /pert ly -manual 
display  system. 

The  only  other  alternatives  that  were  previously  available  were 
CXT*  or  perhaps  plasma  displays.  However,  the  maximum  practical  data 
■  capacities  of  such  displays  are  quite  liaiteo.  This  tended  to  require 
tome  or  all  of  the  following  expediencies  in  attempting  to  meet  the 
operational  requirements:  (1)  dividing  the  data  over  multiple  display 
surfaces,  (2)  elimination  of  duplicate  flight  strip  postings,  (3)  dropping 
the  less  frequently  used  data  from  each  strip,  and  (4)  compressing  the 
total  display  surface  area  by  reducing  empty  spaces  within  and  between 
strips. 

While  same  improvement  is  display  efficiency  is  desirable,  the  met 
effect  of  such  an  approach  would  be  that  the  system  becomes  "display* 
bound"  ~  the  limitations  of  display  capacity  become  a  significant 
constraint  on  system  operation.  Future  flexibility  end  growth  are 


also  limited  by  the  fact  that  the  displays  arc  already  saturated. 
Operators  are  forced  to  call  up  background  infonaation  that  used  to  be 
available  at  a  glance.  Data  is  squeeted  together.  The  ability  to 
provide  the  controllers  with  all  the  inforaation  they  desire  is  compro¬ 
mised  by  the  lack  of  display  capacity.  And  the  number  of  display  units 
packed  into  each  sector  position  would  continue  to  proliferate. 


A  BETTER  SOLUTION 

•  i 

j 

It  was  IBM's  privilege  to  have  a  major  role  on  the  FAA  team  that  j 

successfully  imp  1  eaten  ted  NAS  Stage  A.  Me  are  equally  pleased  to  be  able 
to  offer  an  exciting  yet  practical  solution  to  the  remaining;  need  for  an 
electronic  replacement  for  the  manual  posting  consoles.  By  teaming  the 
flexibility  and  capacity  of  the  DSC  *ith  the  power  of  the  NAS  data 
processing  system  that  is  already  in  place,  the  FAA  will  be  able  to 
achieve  much  more  than  just  replacing  paper  flight,  strips.  The  DSD  will 
allow  the  FAA  to  continue  to  expand  the  important  overall  thrust  of  the 
NAS  program:  providing  air  traffic  controllers  with  the  most  useful  and 
pertinent  information  available  and  displaying  this  data  in  the  most 
concise  and  readily-assimilated  form  possible. 

The  NAS  Enroute  System  Test  Facility  in  Building  149  at  NAFEC  is  a 
unique  and  powerful  facility  for  evaluating  and  optimising  a  totally  - 
electronic  flight  data  display  system.  The  DSD  is  uniquely  capable  of 
providing  the  hardware  basis  for  such  an  evaluation/ opt  lml  rat  ion  task. 

A  merger  of  these  two  capabilities  would  be  a  me  job  stap  toward  achieving 
an  all -electronic  flight  data  system. 

Therefore,  we  have  worked  out  a  rather  detailed  and  spacific  proposal 
to  define  (1)  the  implementation  of  an  advanced .  large-capacity  display 
console  based  on  the  DSD  technology,  and  (2)  tha  integration  of  this 
consols  Into  the  NAFEC  facility.  The  proposed  approach  allows  a  very 
thorough  and  raalistic  assessment  of  such  a  concept  in  the  total  ARTCC 


environment.  Careful  thought  has  been  given  to  the  hardware,  software 
and  intefration  aspects  of  such  a  piogram.  An  aggressive,  yet  achievable, 
program  plan  has  been  developed  whereby  this  system  can  be  in  operation 
within  eight  months  of  go-ahead. 

The  proposed  hardware  configuration  builds  on  the  proven  perfor¬ 
mance  of  the  experimental  prototype  DSD  console  delivered  to  NAFEC  in 
May  1975.  Those  whe  have  seen  this  unit  in  operation  have  consistently 
been  impress*)  with  the  maturity  of  the  DSD  technology  and  its  unequaled 
performance  as  a  large-capacity  tabular  display. 

The  proposed  approach  for  integrating  DSD  technology  into  the  NAS 
simulation  facility  at  NAFEC  is  very  straightforward.  The  proposed 
equipment  would  interface  to  the  NAS  system  through  a  standard  I/O 
adapter  on  the  Central  Computer  Complex  (CCC) .  No  other  interfaces  or 
hardware  interconnections  would  be  required.  Obviously,  IBM  is  thoroughly 
familiar  with  the  interface  to  the  CCC.  Me  are  equally  familiar  with 
the  NAFEC  NAS  software  and  this  approach  requires  only  minimal  modifi¬ 
cations  to  the  programs  already  in  place. 


HIGHLIGHT'S  OF  THE  PROPOSED  APPROACH 

The  basic  concept  being  proposed  by  IBM  is  a  DSD  Evaluation  Console 
that  would,  aa  a  minimum,  provide  all  of  the  functions  of  the  "A"  and 
"D"  pair  of  manual  posting  consoles  for  one  sector.  The  Evaluation  Con¬ 
sole  la  configured  as  a  modular,  electronic  display  that  is  physically 
interchangeable  with  an  axisting  A  and  D  pair  of  manual  posting  consoles. 
A  comparison  of  overall  diaenslons  and  form-factor  is  given  in  Figure 
ES-1.  ' 

A  continuous  rear-projection  display  surface  24  inches  high  by  72 
inches  long  would  replace  the  present  manual  flight  strip  posting  area. 


Figure  ES-1.  DSD  Evaluation  Console  Dimensions 


The  overall  height,  width  and  depth  of  the  Evaluation  Console  would  be 
identical  to  an  existing  A  and  D  console  pair,  and  the  existing  Console 
Map  Boards  can  be  Mounted  directly  above  the  unit. 

The  DSD  Evaluation  Console  will  provide  all  of  the  functions  of  tho 
Flight  Strip  Printer,  the  Computer  Readout  Display  (CRD)  and  the  nanual 
posting  areas.  The  existing  alphanumeric  keyboard  quick  action  keys  and 
coamunications  facilities  will  each  be  incorporated  into  the  Evaluation 
Console  as  unmodified  GFE.  The  Console  will  provide  the  required  logic 
and  I/O  circuits  to  interface  with  the  keyboard  and  quick  action  keys 
and  will  consolicate  their  interface  back  to  the  CCC  with  its  own. 

This  means  that  the  Evaluation  Console  will  not  have  to  interface 
with  the  Non-Radar  Keyboard  Multiplexer,  the  Common  Logic  Unit,  nor  any 
other  1/0  equipment  outside  of  the  CCC.  This  is  depicted  in  Figure 
ES-2  which  indicates  that  the  console's  sole  interface  would  be  with  a 
pair  of  General  Purpose  Input  and  Output  Adapters  in  the  CCC's  Per¬ 
ipheral  Adapter  Module  (PAM).  Coemunicatlon  equipment  and  interfaces 
would  not  be  modified  but  would  be  installed  intact  into  the  front  shelf 
area  of  the  Console.  No  modification  of  the  Plan  View  Display  position 
nor  the  Computer  Display  Channel  will  be  involved. 

Within  its  24  x  72  inch  display  surface,  the  Evaluation  Console 
will  display  up  to  114  complete  flight  strips  plus  two  Computer  Readout/ 
Preview  areas.  /  The  CRD  areas  will  have  more  than  twice  the  capacity  of 

i 

the  present  CRDs.j  The  format  and  character  size  of  the  114  strips  in 
the  initial  display  format  baseline  will  be  essentially  identical  to  the 
present  paper  strips.  As  shown  in  Figure  ES-S,  the  screen  will  be 
divided  into  nine  columns:  seven  columns  with  14  strips  each,  plus  two 
additional  columns  each  containing  eight  strips  and  a  7  x  10  inch  CRD 
area. 

The  DSD  Console  would  not,  however,  be  limited  to  reproducing  the 
existing  flight  strip  end  CRD  formats.  Starting  from  thesa  familiar 
formats  as  a  baseline,  the  FAA  can  reprogram  the  display  to  evaluate  any 
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Figure  ES-2.  System  Block  Diagram 


type  of  format  it  desires:  improved  flight  strip  formats,  flow  control 
information,  all  other  types  of  tabular  data  and  graphical  plots,  selec- 
tion  nanus  and  other  interactive  format  elements.  Indeed,  the  tremendous 
capacity  and  flexibility  of  the  DSD  will  open  uo  new  concepts  in  display 
utilisation  that  previously  have  not  been  practical  to  consider. 

'  Thera  are  some  important  advantages  in  being  able  to  start  with 
formats  that  arc  essentially  identical  to  those  used  with  the  existing 
paper  strips,  manual  consoles  an4  CRDs. 

1.  It  does  not  arbitrarily  impose  new,  predetermined  formats  nor  a 
lower  flight  strip  capacity  on  the  FAX.  Instead,  it  allows  the  FAA 
to  determine,  in  an  evolutionary  manner,  what  changes  rid  improve¬ 
ments  it  desires  to  make  over  the  present  formats. 

2.  Zt  allows  a  familiar,  non- threatening,  initial  starting  point  for 
any  controllers  who  art  aakad  to  evaluate  the  DSD  Console. 

3.  It  provides  a  valid  means  for  comparing  the  DSD  Console  with  the 
existing  manual  consoles  without  complicating  the  comparison  by 
using  two  different  formats.  Similarly,  it  provides  a  ccauaon  point 
of  reference  and  comparison  in  evaluating  potential  format  changes 
and  new  functions. 

4.  It  minimises  the  impact  on  existing  NAS  software. 

The  foregoing  are  ideal  features  for  any  evaluation  console.  In 
essence  they  mean  that  a  DSD  Evaluation  Consol#  can  emulate  the  formats 
produc sable  on  almost  any  other  type  of  display  —  Tanging  from  the 
present  paper  flight  strips  to  electronic  displays  with  a  variety  of 
data  capacities  and  screen  sixes.  Thus,  ths  Installation  of  n  DSD 
Evaluation  Console  at  NAFBC  will  provida  the  FAA  two  important  capabili¬ 
ties:  (1)  it  will  allow  tho  direct  evaluation  of  n  very  important  new 
display  technology,  and  (2)  it  will  be  am  unusually  powerful  display 
evaluation  tool  for  use  in  a  wide  range  of  future  concept  development 


Integration  of  tha  Evaluation  Console  into  the  NAFEC  Enroute 
complex  will  have  a  minimal  impact  on  existing  NAS  software.  A  key 
factor  in  simplifying  the  CCC  software  is  the  use  of  a  microprocessor 
internal  to  the  Evaluation  Console.  This  microprocessor  effectively 
emulates  the  CCC  interface  to  a  Flight  Strip  Printer  and  a  Computer 
Readout  Device. 

The  HAS  software  modifications  will  be  designed  to  allow  the  Evalu¬ 
ation  Console  to  operate  in  parallel  with  a  conventional  A  and  D  console 
pair  in  the  same  sector.  This  will  facilitate  direct  comparison  of  the 
two  approaches. 


DSD  CHARACTERISTICS 

The  potential  and  the  practicality  of  applying  DSD  technology 
against  this  type  of  requirement  has  already  been  ixqrcesslvely  demon¬ 
strated  by  the  original  DSD  experimental  prototype  at  KAFEC  (Figure 
ES-4).  This  unit  has  provided  six  months  of  trouble-free  operation 
which  have  demonstrated  the  following  major  characteristics  of  a  DSD 
console: 

1.  Storage.  No  power  is,  required  to  retain  an  iaage.  A  flicker-free 
display  is  provided  without  refresh.  Electronic  bandwidths  are 
reduced  by  a  factor  of  10  while  capacity  is  Simultaneously  increased 
by  a  factor  of  S  ~>t  acre  over  the  fastest  known  refreshed  displays. 

A  single  display  generator  can  readily  drive  a  number  of  DSD 
projectors. 

2.  Data  Capacity.  The  DSD  is  a  very  high  resolution  display.  The 
experimental  prototype  has  been  used  to  display  as  many  as  56  full 
flight  strips  on  a  single  DSD  tube  using  basically  the  same  format 
as  the  eurreat  paper  strips. 


3.  Screen  Six#.  The  #bility  to  display  S6  full  flight  strap*  would  b# 
of  little  value  cd  a  14  .x  14  inch  (20  inch  diagonal)  display.  This 
amount  of  data  would  recuire  1/16- inch-high  character*  and  such 
tiny  characters  could  not  b#  r*ad  from  a  r*asonabl«  viewing  distance. 
However,  56  flight  strips  are  quite  readable  from  even  a  few  feet 
•way  on  the  22  x  32  inch  screen  of  the  experimental  prototype. 

Since  the  DSD  is  a  projection  display,  it  can  accommodate  almost 

any  conceivable  character  six#  and  screen  s*xe. 

4.  Maintainability/lUliability.  The  experimental  prototype  at  HAFEC 
has  provided  trouble-free  performance.  If  maintenance  is  ever 
required  or  a  DSD  projection  unit,  all  removable  or  repairable 
assemblies  are  mounted  in  the  veer  of  the  cabinet  —  the  front  of 
the  unit  will  only  contain  two  fixed  mirrors  and  the  viewing  sernwm. 
Simple,  direct  access  will  be  available  from  the  rear  to  al? 
electronics,  the  light  source,  tube  and  all  power  supplies. 
Maintenance  and  operations  functions  need  never  interfere  with  one 
another.  In  a  tower  installation,  the  DSD  tube  and  its  electronics 
could  be  motmited  below  the  floor  of  the  operational  area  and  be 
accessed  for  maintenance  from  the  floor  below. 

5.  Commonality /Modularity.  A  single  projection  system  design  (tube, 
optics,  electronics)  can  be  used  for  many  screen  sixes  end  s 
variety  of  applications.  DSD  projection  units  can  be  arranged  to 
project  contiguous  images  on  a  single,  continuous  screen,  thus 
providing  a  modular  building  block,  approach  to  control-room  display 
requirements.  la  the  case  of  the  proposed  Evaluation  Console,  e 
"continuous  array"  of  three  24  x  24  inch  display  areas  from  three 
DSD  tubes  is  used  to  provide  a  total  display  area  of  24  x  72  inches. 

This  concept  of  a  Continuous  Array  Display  (CAD)  was  originated  by 
the  FAA  as  a  nodular  building  block  technique  for  achieving  neilmue 
display  commonality  throughout  the  FAA  —  for  example,  between  Enroute 
Centers,  Towers  and  ARTS  facilities.  Since  the  proposed  Evaluation 
Console  is  physically  configured  to  the  diaensions  of  the  Enroute  Center 
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•anual  posting  consoles,  this  particular  configurer  ion  eight  sppro- 
priataly  be  dosignattd  the  "I-CAD"  configuration  for  Enroute  Continuous 
Array  Display.  This  would  differentiate  this  configuration  from  such 
alternative  possibilities  as  towers  (T-CA5),  ARTS  facilities  (A-CAD) , 
oceanic  applications,  flight  service  stations,  etc.  Each  of  these 
applications  could  use  the  sane  basic  tube  and  electronics  but  with  the 
different  screen  sizes  and  physical  arrangements  of  the  sene  basic 
building  blocks  as  appropriate  for  each  situation. 


SYSTEM  IMPLICATIONS 

Figure  ES-2  depicts  e  proposed  initial  systen  configuration  for 
integrating  e  DSD  Evaluation  Console  into  the  NAS  Systen  Test  Facility 
at  NAFBC.  Clearly,  it  represents  s  very  straightforward  and  uncompli¬ 
cated  approach.  It  also  provides  e  very  powerful  configuration  for 
full-scale  evaluation  of  the  use  of  an  electronic  tabular  display. 

However,  1M  recognizes  that  the  FAA  is  also  interested  in  other 
related  systen  lnprovanents  such  as  flow  control  and  backup  nodes  of 
operation  for  greater  total  systen  reliability.  We  would  like  to  enpha- 
size  that  the  proposed  systen  does  not  preclude  or  coup  11  cate  expansion 
to  a  nore  sophisticated  configuration  in  the  future.  To  the  contrary, 
it  is  an  ideal  first  step  toward  such  an  objective.  A  two-step  approach 
display  subsystem  first,  data  processing  subsysten  second  —  has  a 
awber  of  Important  advantages: 

1.  It  gives  the  FAA  e  significant  headstart  on  the  total  problem 
because  the  DSD  Evaluation  Console  can  be  on-line  many  months 
sooner  than  would  otherwise  be  possible. 

2.  It  vaccnplicatea  the  overall  Implementation  of  the  total  system  by 
allowing  the  FAA  to  start  from  the  existing  NAS  concepts  end  hard- 
ware/eoftwer*  base.  Never ,  improved  techniques  can  then  be 
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developed  la  an  orderly,  evolutionary  Banner  rather  than  taking  a 
high-risk,  all -et -once  plunge.  Yet  it  in  no  way  limits  the  ultimate 
capability  of  the  systea. 

3.  Aa  a  satteT  of  fact,  the  DSO  Console  Mill  provide  a  such  acre 
powerful  systea  developaent  and  evaluation  tool  than  any  other 
known  display  approach. 

In  summary,  then,  the  DSO  Evaluation  Console  is  not  a  ccnpetitor 
nor  a  threat  to  other,  broader  concepts  regarding  flight  data  handling. 

It  is  compleoentary  and  supportive  of  such  a  goal.  Additional  data 
processing  capabilities  can  be  added  to  the  overall  systea  at  any  tiae 
with  very  little  iapact  on  the  proposed  initial  configuration.  The 
packaging  and  architecture  of  the  Console  are  such  as  to  allow  the 
addition  or  substitution  of  a  different  interface  without  affecting  the 
besic  design  or  features  of  the  unit. 


CONCLUSION 


I  EM  is  gratified  that  as  aarly  as  1973  the  PAA  had  tha  foresight  to 
press  ahead  with  plan*  to  specify  and  procure  a  DSD  axperiaental  proto¬ 
type  console.  This  initial  FAA  venture  with  DSD  proved  to  be  highly 
successful.  Aa  a  result,  there  is  a  rapidly  growing  awareness  throughout 
the  FAA  of  the  aejor  implications  of  tha  DSD's  unusual  performance 
characteristics  in  regard  to  air  traffic  control. 


FY7< 


However,  because 
were  known,  no  provision 
tiel  in  the  neer  future, 
eay  new  concept  into  the 
next  step  begin  as  soon 
evaluation  in  Building 
step". 


6  planning  was  completed  before  these  results 
has  been  node  to  fully  axploit  the  OSD's  potsn- 
Given  the  tine  required  to  evaluate  and  deploy 
NAS  system,  it  would  seem  imperative  that  the 
jss  possible.  And  an  operational ly-reallstlc 
9  at  NAFEC  stmas  like  a  most  appropriate  "next 
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ISM  fully  appreciates  the  fact  that  an  unplanned  prcgrsa  such  as 
this  poses  significant  problems  for  the  FAA,  particularly  in  a  tine  of 
budget  stringencies.  But  we  feel  that  it  would  be  a  disservice  on  our 
part  to  fail  to  cose  forward  with  recommendations  for  aoving  ahead  in 
applying  such  *  greatly  needed  technology  against  the  FAA's  requirements 
The  proposed  approach  swans  reasonable  in  scope  and  «ill  provide  aeaning 
ful,  worthwhile  results  in  the  shortest  possible  tine  fraae.  It  creates 
a  powerful  display  system  base  fron  which  even  aore  ambitious  sys  tests 
concepts  can  ba  built.  From  tha  standpoint  of  both  cost  and  effective* 
ness,  tha  sootvar  this  typa  of  concept  can  ba  implemented,  the  sooner  the 
FAA  can  begin  to  reap  the  benefits. 

Therefore,  1*4  stands  ready  to  work  rizh  the  FAA  in  any  way  we  can 
to  suraount  the  initial  difficulties  of  getting  an  unplanned  program 
underway  or.  perhaps,  to  modify  existing  plans  to  taka  into  account  this 
new  opportunity  for  further  upgrading  the  nation’s  overall  air  traffic 
control  capability.  As  a  starting  point  we  have  prepared  a  detailed 
"white  paper"  defining  tha  specific  hardware,  software  and  integration 
tasks  requirad.  Me  would  appreciate  the  opportunity  of  discussing  the 
prograa  described  in  this  'Vhite  paper"  with  the  FAA  at  your  earliest 
convenience. 
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APPENDIX  I 


ANA-1  LETTER  TO  ARD-l,  DEMONSTRATION  OF  ISM  DEFORMOGRAPHICS 
STORAGE  TUBE,  DATED  SEPTEMBER  17,  1975 


Demonstration  of  the  IBM  Deform ographics 
Storage  Tubo  Display 

% 

Director,  ANA-i 

♦  » 

ARD-1 

la  the  courea  of  t«el  end  evaluation  of  the  projection /light  valv* 
display  technique  aa  exempli/ led  by  the  IBM  Deformo graphic 
Storage  Tuba  Display  (DSTD).  tba  Data  Entry  and  DiepUy  Tech¬ 
nology  group  baa  formulated  eawaral  Judgment*  relative  to  this 
display  technique;  (1}  ito  performance  ia  batter  tbaa  anticipated 
aad  repreeente  a  real  breakthrough  ia  dieplay  developments,  and 
(2)  two  major  dieplay  concepts  or  principles  ara  now  mads  possible, 
which  if  validated  end  accepted  by  tba  operating  earvicee  could  have 
significant  impact  oa  tba  agency's  display  planning.  These  principles* 
Mm.?  with  the  iaavitabla  acronyms  ara: 

1.  Nonlnterfsrinf  Malutao-isce  Rsmoted  Optical  Display  (NIMROD) 

It  appears  feasible  to  package  tba  DSTD  electronics*  optics  aad 
CRT  (display  generation  assembly)  in  a  form  that  allows  the  re  me  ting 
of  thi*  assembly  front  the  dieplay  viewing  screen.  This  will  permit 
on-going  maintenance  totally  isolated  from  the  operational  area  of  tbo 
facility.  Tbo  advantage  of  this  capability  from  tba  aspect  of  mainte¬ 
nance  staffing  aad  reduced  impact  on  tba  ATC  operation  is  evident. 

2.  Continuous  Array  Display  (CAD) 

If  the  above  remoted  assembly  is  combined  with  other  dieplay 
generation  assemblies,  mounted  eide-by-slde,  a  continuous  viewing 
screen  of  uaUrxitsd  borisoot.il  dimension  la  attainable.  Such  a  viewing 
screen,  free  of  besele  or  CRT  mounting  hardware*  can  provide  a 
capability  for  displaying  any  type  of  data*  in  any  form  or  format*  at 
any  location  on  the  viewing  surface,  through  software  control. 
Alternately  stated,  this  C /  D  capability  would  provide  a  display  base 
that  could  accommodate  any  future  concept  which  generates  Information 
for  tbo  controller.  This  will  eliminate  the  need  fox  implementing 
discrete  displays  for  each  discrete  data  generating  function. 
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Both  principles- can  be  applied  In  those  ATC  environment*  which 
employ  data  display;  AR.TCC,  TRACON,  Tower  Cab  or  Flight 
Service  Station.  This  capability,  coupled  with  the  vary  promising 
performance  of  the  first  article  DSTD,  indicates  that  projection 
type  displays  offer  definite  promise  la  the  technology  goal  of 
developing  a  universal  ATC  display. 

e 

• 

The  question  now  arlsss  as  to  whsthsr  the  concepts  of  NIMROD  and 
CAD  justifies  or  warrants  further  expenditure  of  funds  to  explore 
their  potential,  la  order  to  configure  a  suitable  vehicle  for  further 
experimentation,  an  additional  ’head"  (CRT,  optics,  and  electronics) 
end  repackaging  of  our  present  DSTD  Is  necessary.  This,  along  with 
specialised  engineering  services  from  IBM,  will  cost  approximately 
$175K.  To  determine  whether  this  > mount  of  money  should  be  allocated, 
we  would  suggest  that  the  operating  services  be  queried  as  to  their 
Interest  in  further  development  work.  We  further  suggest  that  the  most 
practical  vehicle  for  ascertaining  tbs  extent  of  their  interest  and  support 
in  this  area  Is  a  demonstration  of  the  DSTD,  and  of  the  various  concepts  and 
principles  outlined  in  this  letter.  The  ATC  configurations  to  be  emphasised 
would  be  the  enroute  and  tower  cab  and  we  would  employ  mockup  and 
dynamic  display  techniques  to  convey  our  mssaags. 

If  you  are  amenable  to  the  idea,  we  would  recommend  a  demonstration 
date  during  the  week  of  November  3,  1975.  Planning  officers  from  tbs 
Western  Region  and  the  San  Diego  terminal  facility  will  be  at  NAFEC 
during  this  period  to  view  work  being  done  relative  to  future  tower 
cab  experimentations.  This  group  can  b#  complamented  with  other 
representatives  of  SRDS  and  the  operating  services  as  you  designate.  If 
you  concur  with  our  recommendation,  we  will  proceed  with  necessary 
coordination  aad  arrangements .  Our  contact  will  be  Mr.  Edward  U.  A  Inner, 
ANA-230,  extension  3393.  ■  a 


ROBERT  L.  FAITH 
cc; 

ARD-104 

ARD.110 

ANA-230:EAlsner :amh;x3393:9/17/75  . 
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REQUEST  FOR  R.  D  1  E  EFFORT 
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FvailMllty  Decors traclon  of  Improved  Radar  Displays  Co;  Temlnal 
K.idcc  Approach.-  Control  Cabs  (T3ACA.Es) 


AT-1C0-29 


£  AS  you  know.  FAAfc  6410.1  dated  11/4/66  resulted  to  BRITT  I  TV  type  displays  for  ms* 
j  to  control  towtr  cabs  Cor  local  control  purposes.  Subsequently,  Fora  9550,  aT-103- 
|  dated  5/23/63  reqnestad  (t&O  action  to  adapt  the  BRITT  display  concept  for  approach 
t  control  use.  The  culcluatlcn  of  this  effort  lad  to  the  agency  policy  of  T?w‘.CAB 
?  Installations  at  all  newly  qualified  radar  locations  starting  with  the  FT  1959  FAT 
*  ASR  establishment  program. 

f  Accept  Iona  to  this  policy  have  only  been  granted  where  individually  Justified.  TEA 
I  requlremsnts  have  been  satisfied  by  Installation  of  FRITZ  II  and  BRITS  IV  displays 
)  tower  cabs.  To  the  beat  of  our  knowledge,  no  follow-on  state-of-the-art  effort  hap 
•(  been  undertaken  to  provide  Improved  type  of  dlsplays"For~chls  type  use.  (Continued 
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Investigation  of  Improved  display  technologies  epd  equipment  for  epplicetlon  to  tower, 
cab  displays  le  being  pursued  end  will  continue  under  subprogram  144-170,  Terminal  J 
Tower  Sustaining  Engineering.  When  these  efforts  result  In  the  verification 
of  e  potential  Improvement  to  the  syatem  we  will  eet  up  a  demons  tree  Ion  for 
Ali  Traffic  Service  representatives.  Hors  definitive  Information  on  cost  end 
schedule  will  be  determined  as  the  experimental  effort  progresses.  We  estimate  j 

that  thia  additional  Information  will  be  available  by  December  1,  1974.  j 
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DISPLAYS  h Or.  i !  i. 

Ml-.AL  RAJAH  APPROACH  CONtP-UL 

CAB S  ^RALAdw 

We  have  discussed  this  subject  briefly  with  AAT-100  and  believe  the 
following  may  serve  to  amplify  the  information  contained  in  the  9550-1 


Basically,  the  request  was  prompted  by  two  factors: 

o  Son*  dissatisfaction  with  the  quality  of  the  BK1TE 
display  presentation  for  performing  radar  approach 
control  functions  in  the  tcuer  cab  has  been  expressed 
by  the  field. 

o  During  a  visit  to  NAfEC  by  AAT-100  and  subsequent 
discussions  with  NAfiiC  and  ARD  personnel,  it  was 
suggested  that  advances  in  display  technology,  such 
as  the  Dcfamograpnic  Display  System,  nay  offer  a 
potential  means  of  realizing  an  improved  display 
for  this  application. 


la  addition 
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the  requirement  to  perform 
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on  of  interest 
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o  The  data  to  be  displayed  induces  a  plan  view 

presentation  o:  radar,,  beacon  and  map  data  derived 
from  broaucand  video  insists. 


o  Since  th.  ??.\CA3  locations  are  programmed  for  AR?.;  I, 
or  A*:  •  1 F  \  -  2  iWttm,.,  it  is  also  necessary  that  the 
display  system  be  capable  of  simultaneously  presenting, 
the  ali'-.  .***..**.:  r  i.c/n.~c  ri  c  data  supplied  bv  the:,  ••.items. 
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1'art  1  continued 


W'e  undsrstand  that  the  state-of-the-art  has  advanced  Co  Che  point  that-  displays  can 
be  produced  which  will  noc  be  adversely  affected  by  smblent  light  levels,  direct 
ounllght,  fade  out  or  glare,  and  extraneous  surface  reflections,  all  of  which  are 
prevalent  to  varying  degrees  in  TtUCvC  environments.  These  improved  displays  oust 
be  of  a  high  resolution/high  contrast  to  be  easily  and  readily  viewed  under  high 
and  low  anhient  light  conditions  being  encountered. 

The  feasibility  demonstration  should  be  of  sufficient  magnitude  to  allow  a 
follow-on  retrofit  program  for  ULiCaBs  if  the  R&2>  effort  is  successful. 


